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ABSTRACT
This thesis provides a cash flow analysis of an aquaponics system growing tilapia, perch, and
lettuce in a temperate climate utilizing data collected via a case study of an aquaponics operation in
Milwaukee, Wisconsin. Literature regarding the financial feasibility of aquaponics as a business is
scant. This thesis determines that in temperate climates, tilapia and vegetable sales or, alternatively,
yellow perch and vegetable sales are insufficient sources of revenue for this aquaponics system to
offset regular costs when grown in small quantities and when operated as a stand-alone for-profit
business. However, it is possible to reach economies of scale and to attain profitability with a yellow
perch and lettuce system. Moreover, there may be ways to increase the margin of profitability or to
close the gap between income and expense through such things as alternative business models, value
adding, procuring things for free, and diversifying revenue streams. Any organization or individual
considering an aquaponics operation should conduct careful analysis and planning to determine if
profitability is possible and to understand, in the instance that an aquaponics operation is not
profitable, if the community and economic development benefits of the system outweigh the costs.
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Chapter I. The Potential of Aquaponics for Community and Economic Development
1.1 - What is Aquaponics?
Aquaponics is a food production method combining aquaculture with hydroponics in a
closed-loop system that recirculates water and nutrients in order to grow aquatic life and terrestrial
plants. In a 2006 journal article in Aquaculture International defines aquaponics as, "the integration of
hydroponic plant production into recirculating fish aquaculture systems (RAS)."' Similarly, a 2009
article in WorldAquaculture defines aquaponics as, "the integration of two separate, established
farming technologies - recirculating fish farming and hydroponic plant farming."2 As these two
preceding definitions suggest, the word aquaponics denotes a combination of the words
"aquaculture" and "hydroponics." The term "aquaponics" is still too nascent to be defined in the
Oxford English Dictionary or in the Meriam Febster Dictionay, however, "aquaponics" does appear as
an entry on Wikipedia, demonstrating that the concept of aquaponics has moved into the public
sphere. As of April 26, 2011, this online encyclopedia, which is an open source repository of
common knowledge and contains entries that evolve over time as people update information,
defined aquaponics as:
... a sustainable food production system that combines a traditional aquaculture (raising aquatic animals
such as fish, crayfish or prawns in tanks) with hydroponics (cultivating plants in water) in a symbiotic
environment. In the aquaculture, effluents accumulate in the water, increasing toxicity for the fish. This water
is led to a hydroponic system where the by-products from the aquaculture are filtered out by the plants as vital
nutrients, after which the cleansed water is recirculated back to the animals. The term aquaponics is a
portmanteau of the terms aquaculture and hydroponic.
1 Wilson A. Lennard and Brian V. Leonard, "A Comparison of Three Different Hydroponic Sub-systems
(Gravel Bed, Floating and Nutrient Film Technique) in an Aquaponic Test System," Aquaculture International
14, no. 6 (5, 2006): 539, http://www.springerhnk.com.libproxy.mit.edu/content/y314177814674782/.
2 Wilson Lennard, "Aquaponics: The Integration of Recirculating Aquaculture and Hydroponics," World
Aquaculture 40, no. 1 (2009): 23.
Aquaponic systems vay in siZe from small indoor or outdoor units to large commercial units, using the same
technology. The systems usualy contain fresh water, but salt water systems are plausible depending on the type
of aquatic animal and vegetation.[citation needed] Aquaponic science may still be considered to be at an early
stage. 3
Definitions of "aquaculture" and "hydroponics" in more traditional reference compendiums
provide some further understanding of what a combination of these two food production methods
encapsulates. The Oxford English Dictionar defines aquaculture as "fish breeding as a branch or
industry," or, more generally as the "culture" or cultivation of "the natural produce of water," and
traces the usage of the word aquaculture to as early as 1867. The Merriam-Webster Dictionary defines
"aquaculture" as "the cultivation of aquatic organisms (as fish or shellfish) especially for food." 4 The
Merriam-Webster Dictionary defines "hydroponics" as, "the growing of plants in nutrient solutions with
or without an inert medium (as soil) to provide mechanical support." 5 The Oxford English Dictionary
defines, "hydroponics," as, "the process of growing plants without soil, in beds of sand, gravel, or
similar supporting material flooded with nutrient solutions." 6
Although the science of aquaponics is still in the early stage, the biochemical engine that
drives the aquaponics system, known as the nitrogen cycle, which symbiotically provides fertility to
the plants and cleans the water for the fish in a fish-plant aquaponics system, is fairly well
understood. The nitrogen cycle occurs as water flows through from fish tanks to biological filters
3 "Aquaponics," Wikzpedia, The Free Encyclopedia, April 25, 2011, http://en.wikipedia.org/wiki/Aquaponics;
"No Exact Results Found For "Aquaponics" in the Dictionary," Oxford Dictionaries Online, March 19, 2011,
http://oxforddictionaries.com/noresults?dictionaryVersion=region-
us&isWritersAndEditors true&noresults=true&page=1&pageSize=20&q=aquaponics&searchUri=All&sort
=alpha&typerdictionarysearch; "Aquaponics - Wikipedia, the free encyclopedia," n.d.,
http://en.wikipedia.org/wiki/Aquaponics.
4 "Aquaculture," The Free Merriam-Webster Dictionay, April 25, 2011, http://www.merriam-
webster.com/dictionary/aquaculture.
5 "Hydroponics," The Free Merriam-Webster Dictionary, April 25, 2011, http://www.merriam-
webster.com/dictionary/hydroponics.
containing bacteria to plants and back again. The major input into the nitrogen cycle is the fish feed
that is thrown into the fish tanks. Fish feed can be in the form of commercial fish food or aquatic
plants, particularly duckweed. Aquatic plants can be grown in the system itself or elsewhere onsite.
After the fish eat the fish food, they produce waste. This fish waste and uneaten fish food break
down into ammonia (NH3). Typically, water with fish waste then flows into a biological filter where
Nitrosomonas bacteria convert the NH3 into nitrite and then a second type of bacteria, Nitrobactor
bacteria, convert the nitrite into nitrate (N03). The fertile nitrate flows through pipes into the
hydroponics portion of the system where it serves as fertilizer for the plants. In this hydroponic
component, plants function as filters as they take up the nitrate, which helps them flourish. This
process purifies the water, which circulates back to the fish tanks and provides clean, fresh water in
which the fish thrive.
6 "Hydroponics, n," Oxford English Dictionay, October 2010,
http://www.oed.com.libproxy.mit.edu/view/Entry/90059?redirectedFrom=hydroponics#eid.
Figure 1. Diagram of Nitrogen Cycle
Purified Water
Fish Feed
FISH Nutrient-rich Water
Fish Waste & Uneaten Food
Source: Chart by author.
Many types of plants and aquatic animals may be grown in an aquaponics system. By far the
most common fish grown in North America via aquaponics is tilapia, because of its tolerance for a
broad range of pH, temperature, oxygen, and dissolved solids making tilapia one of the easiest fish
to cultivate. 7 In Australia, barramundi and Murray cod are popular. 8 Other fish cultivated with
aquaponics include "trout, perch, Arctic char, and bass." 9 Almost any freshwater fish can be
cultivated using aquaponics. One aquaponics expert asserts, "You can do almost any fish in the
aquaponics system except for salmon or trout because they need high levels of oxygen and super
pure cold water." 10 Similarly, many types of plants can be grown in an aquaponics system, provided
they do not have a large root like beets or turnips which may rot. Plants with low to medium
nutrient requirements do best such as, "lettuce, herbs, and specialty greens (spinach, chives, basil,
watercress)." 11 Fruiting plants such as tomatoes and peppers will grow, though fruit production may
not be robust. Ornamental bedding plants, cucumbers, mixed salad greens, and herbs have also been
reported in aquaponics systems. 12
There has been a recent surge in the popularity of aquaponics. 13 Many organizations are
eyeing aquaponics for its vast array of community benefits which include reducing aquacultural
runoff, lowering irrigation requirements to grow crops, producing a source of fish that does not
deplete the oceans, and providing a means to grow food on polluted land or in areas with poor soil
quality. Communities also embrace aquaponics because it provides a hands-on teaching tool in
classrooms, teaches ecological literacy, and incorporates well into school curricula. Additionally,
7 Steve Diver, "Aquaponics - Integration of Hydroponics with Aquaculture" (ATTRA - National Sustainable
Agricultural Information Service, updated 2010 by Lee Rinehart 2006).
8 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture."
9 Ibid.
10 Mueller, interview.
11 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture."
12 Ibid.
13 Dr. James Rakocy, "Beware of Aquashysters," Aquaponics Journal, no. 58 (Quarter 3, 2010): 25.
13
aquaponics operation can serves as a community locus, creating activity in the neighborhood and
may provide employment and job skills training opportunities. Despite these community and
economic benefits, as the following writing demonstrates, the literature is not yet clear on whether
aquaponics can be a profitable venture.
Figure 2. Community and Economic Development Benefits of Aquaponics
ENVIRONMENTAL BENEFITS
Reduces strain on depleted fisheries
Reduces agricultural runoff & fish kills
Avoids problems caused by open ocean fish-farms
Requires a fraction of the water required by regular
agriculture and pond culture
Local production reduces transportation externalities
FOOD SECURITY AND FOOD ACCESS BENEFITS
Provides fresh, local food in areas of:
Low water conditions
Limited arable land
Polluted land
Poor soil quality
Overfishing/fishery collapse
Poor road access
COMMUNITY DEVELOPMENT BENEFITS
Hands-on teaching tool
Incorporates into school curricula
Teaches ecological literacy
Serves as community locus
Creates activity in the neighborhood
Provides job skills training opportunities
Provides employment
Source: Chart by author.
I - II. Literature Review and the History of Aquaponics
This literature review, as of January 2011, gives an overview of the aquaponics industry and
provides a history of aquaponics by identifying the primary branches of aquaponics, the main players
who developed each branch, and the major entities that continue to research and operate aquaponics
systems. This review also identifies gaps, strengths, and weaknesses in the literature regarding
aquaponics. This literature review finds that the majority of the literature on aquaponics covers the
mechanical, chemical, and biological aspects of aquaponics systems and often focuses on optimizing
and understanding production and consumption levels for fish, vegetables, and feed. However the
literature rarely discusses the financial aspects of aquaponics. When it does, it usually only examines
either costs or revenue. Further, with the exception of very few articles, the literature does not
discuss cash flow or profitability, which are the topics that are the focus of this thesis.
The term, "aquaponics," begins to appear in the titles for academic literature in the late
1990's. Prior to this, the literature discussed below reveals that what would today be termed as
aquaponics was referred to in the 1970's and 1980's by names such as "hydroponic aquaculture
pond," "hydroponic solar pond," "integrated agriculture," "integrated aquaculture," "integrated fish
culture hydroponic vegetable production system," and "Integrated Aqua-Vegiculture System
(IAVS)."
Although aquaponics typically refers to systems where water from the aquacultural
component recirculates and where hydroponics is employed, it is interesting to note aquaponics'
precursers which integrated aquaculture and agriculture without the explicit recirculation of water or
hydroponic systems. One of the first systems to utilize fish effluent to irrigate and fertilize land
plants, called Chinampas, is described in Bill Mollison's seminal book on Permaculture titled,
"Permaculture: A Designer's Manual," first published in 1992.14 This system was developed by the
Aztecs in what is today Mexico. 15 Chinampas, also known as "floating gardens," consist of artificial
islands created in shallow lakebeds. These islands were planted with crops which were watered with
lake water and fertilized with lake sediment. 16 In this lake system, fish were wild and not explicitly
cultivated. FAO Fisheries Technical Paper 407, tided "Integrated Agriculture-Aquaculture: A
Primer," details several other integrated fish-agriculture systems. For example, a pond, garden, and
livestock system employed in Vietnam called the vuon, ao, chuong commonly referred to as the VAC,
was promoted widely in the early 1980's. 17 An integrated system of aquaculture and agriculture
where fish are grown in rice paddies has been employed in Malaysia since the 1930's. 18 Such an
integrated rice paddy-fish farming system is practiced extensively in the North Kerian area of Perak
in Peninsular Malaysia. 19 Several rice-fish systems are also reported to have a long history in
Indonesia. These include the minapadi, penyelang, and palawga in West Java and sawah tambak in coastal
East Java, which employs a brackish water-freshwater system containing prawns, fish and rice.2 0
The FAQ publication also reports that rice-fish systems have existed in China for over 1,700 years.
These systems reached 700,000 hectares of production in 1959 and then declined rapidly during the
Cultural Revolution, reboundig to over 1,000,000 hectares in 1986 while concentrating in the
14 Bill C Mollison, Permaculture: A Designers' Manual, 2nd ed. (Tyalgum, Australia: Tagari, 2004), 462-463.
15 "Aquaponics."
16 "Chinampa," Wikzjedia - The Free Engclopedia, April 18, 2011, http://en.wikipedia.org/wiki/Chinampa.
17 Lee Thanh Luu, "The VAC System In Northern Vietnam," in Integrated Agriculture-Aquaculture: A Primer,
FAO Fisheries Technical Paper 407 (Rome: FAQ, 2001), 26.
18 Raihan Sh. Hj. Ahmad, "Fodder-Fish Integration Practice in Malaysia," in Integrated Agriculture-Aquaculture:
A Primer, FAO fisheries technical paper 407 (Rome: FAQ, 2001), 33.
19 Ahyaudin Ali, "Low-Input Rice-Fish Farming System in Irrigated Areas in Malaysia," in Integrated
Agriculture-Aquaculture: A Primer, FAQ fisheries technical paper 407 (Rome: FAQ, 2001), 63.
20 Catalino dela Cruz, "Rice-Fish Systems in Indonesia," in Integrated Agriculture-Aquaculture: A Primer, FAQO
Fisheries Technical Paper 407 (Rome: FAQ, 2001), 68; Catalino dela Cruz, "Sawah Tambak Rice-Fish System
in Indonesia," in Integrated Agriculture-Aquaculture: A Pimer, FAO Fisheries Technical Paper 407 (Rome: FAQ,
2001), 71-72.
Yangtze River Basin. 2 1 A rice-fish system that integrates taro also exists in the Philippines.2 2 The
book, EcologicalAquaculture details another integrated fish-taro system developed in ancient Hawai'i
which declined in the 1800's as lands were transferred out of Hawaiian care, but which is again
becoming popular today with the resurgence of Hawaiian cultural practices. This system integrates
freshwater fish ponds, known as loko i'a kalo, into taro paddies, known as lo'i. This system
incorporates taro, silver perch, Hawaiian gobies, mullet, freshwater prawns, and green algae. 2 3
Proponents of agroecology also worked to develop a new integrated fish and agriculture system
called the Village Aquaculture Ecosystem (VAE), which was developed for Sub-Saharan Africa in
the early 1990's and which enjoyed successful adoption and technology transfer. Interestingly, farms
utilizing the Village Aquaculture Ecosystem were found to produce "six times the cash" of a typical
Malawian smallholder farm.24
In the 1970's and 1980's, modern-day systems of integrated fish and vegetable production
that utilized hydroponics and incorporated recirculating aquaculture began to emerge in the United
States. During this time, aquaponics spawned from work at the University of the Virgin Islands and
the North Carolina State University and evolved into two main branches based on the aquaponics
systems developed at these Universities. At the University of the Virgin Islands, Dr. James Rakocy
developed deep-water aquaponics where plants grow hydroponically while placed in rafts that float
in deep-water troughs. Over the same time period, Mark McMurty at North Carolina State
21 Yixian Guo, "Rice-Fish Systems in China," in Integrated Agriculture-Aquaculture: A Primer, FAO Fisheries
Technical Paper 407 (Rome: FAO, 2001), 72.
22 Catalino dela Cruz, Ruben C. Sevilleja, and Jose Torres, "Rice-Fish Systems in Guimba, Nueva Ecija,
Philippines," in Integrated Agriculture-Aquaculture: A Primer, FAO Fisheries Technical Paper 407 (Rome: FAO,
2001), 85-86.
23 Barry Costa-Pierce, "The Ahupua'a Aquaculture Systems In Hawaii," in EcologicalAquaculture: The Evolution
of the Blue Revolution (Oxford UK; Malden MA: Blackwell Science, 2002), 32-34.
24 Randall E. Brummett and Barry Costa-Pierce, "Village-based Aquaculture Ecosystems as a Model for
Sustainable Aquaculture Development in Sub-Saharan Africa," in EcologicalAquaculture: The Evolution of the Blue
Revolution (Oxford UK; Malden MA: Blackwell Science, 2002), 145, 153.
University developed the Integrated Aqua-Vegiculture System (IAVS), a style of aquaponics where
water flows through a hydroponic bed of growing media such as sand or gravel.
This trajectory of aquaponics in the United States is well documented in Richard Diver's
"Aquaponics - Integration of Hydroponics with Aquaculture," which is a publication of ATTRA,
formerly the Appropriate Technology Transfer for Rural Areas and now known as The National
Sustainable Agricultural Information Service. Diver's document, written in 2006, is similar to many
other extension service documents, in that it is designed as a guide for the new or experienced
grower. Consequently, it is an excellent resource for anyone interested in aquaponics, providing one
of the clearest histories of aquaponics in the United Sates and an exhaustive list of the major players
in aquaponics at the time of publication.
In Diver's document, he identifies The New Alchemy Institute, in Falmouth Massachusetts
as the earliest developer of integrated fish and vegetable systems.25 From 1971 - 1991, The New
Alchemy Institute conducted research with the goal of helping people live lightly on the land and
reducing levels of energy consumption by creating low-energy input food production systems
suitable to the homeowner. 26 In 1991, the Institute closed and evolved into The Green Center,
which continues to serve as a repository for publications of the New Alchemist Institute. 27 Several
people involved with the Institute, like John Todd, known for his work with living machines,
continued developing integrated systems. 28 However, unlike aquaponics, which is explicitly designed
for food production, John Todd's living machines, are designed as water treatment systems that
utilize complex biological processes to purify water in a fashion similar to constructed wetlands.
25 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture."
26 Earle Barnhart, "Bioshelter Guidebook: Bioshelter Research By New Alchemy Institute (1971-1991)"
(The Green Center, February 11, 2007), http://www.thegreencenter.net/.
27 "New Alchemy Institute and Green Center Archives - Falmouth, MA," November 12, 2010,
http://www.thegreencenter.net/.
The New Alchemy Institute's publications include the Journal of the New Alchemist, which
contains extensive information on research in aquaculture production and passive solar energy
strategies for greenhouses, detailing things such as types of fish and produce grown and productivity
levels for each. A survey of these publications demonstrates that the New Alchemy Institute was
interested in creating thermal mass within the greenhouses to assist in heating and to reduce
dependence on fossil fuel. From this desire came the idea of the bioshelter, defined as "solar
greenhouses which enclose fish ponds, food crops, soil life and insect communities." 29 Within these
greenhouses, the Institute developed the solar pond, also called solar aquaculture, which involved
above-ground fish tanks that were placed in greenhouses to serve the dual function of growing fish
and providing thermal mass to keep the greenhouses warm. From this solar aquaculture sprang the
earliest integrated fish and hydroponic system when Ronald Zweig, of the New Alchemy Institute,
developed what he termed the "hydroponic aquaculture pond," or "hydroponic solar pond." Zweig
wrote about his solar pond in a 1984 article titled, "An Integrated Fish Culture Hydroponic
Vegetable Production System," which was published in Aquaculture Magazine.30 This article details
how Zweig added a floating hydroponic system to the New Alchemy Institute's solar pond. Zweig
grew tilapia and catfish in the pond and prevented fish from eating the roots of the lettuce via a
plastic mesh barrier placed below the roots of the lettuce.31
Richard Diver identifies the North Carolina State University system of aquaponics as the
next to be developed and as the locus for one of the two main branches of aquaponics. Diver
28 "John Todd Ecological Design - Eco-Machine, Natural Systems Design, Biomimicry - Sustainable Waste
Water Management," November 21, 2011, http://toddecological.com/.
29 "New Alchemy Institute Publications Online," The Green Center, November 10, 2010,
http://www.thegreencenter.net/newalchemy.html.
30 Ronald D. Zweig, "An Integrated Fish Culture Hydroponic Vegetable Production System," Aquaculture
Magazine, June 1986.
31 Earle Barnhart, "A Primer on New Alchemy's
Solar Aquaculture" (The Green Center, February 21, 2006), http://www.thegreencenter.net/.
reports that research on aquaponics at this university was conducted from the 1980's to sometime
before 2006 and was discontinued due to the fact that the system was ready for commercial
application. 32 The North Carolina State University system of aquaponics, also known as the
Integrated Aqua-Vegiculture System (IAVS), was developed by graduate student, Mark McMurty,
and his professor, Doug Sanders, in the 1980s. The system included fish tanks sunk into the ground
connected to a ground-level trickle-irrigated hydroponic system with a sand growing media.33 A
survey of McMurty's publications shows a focus on efficiency and optimizing yields. He conducted
research to understand the effects of various elements on the productivity levels of fish and
vegetable cultivation in aquaponics systems. He produced papers and reports on component ratios,
nutrient uptake, tomato yields and water efficiency.34 Among other findings, McMurty found that
the component ratio, which is the ratio of water to growing media, could be altered to either
optimize protein (fish) production or plant production. 35 This finding is useful to those interested in
the financial aspects of aquaponics who could use this information as a basis to determine the best
component ratio to maximize profitability of an aquaponics system. Although McMurty's scholarly
work reviewed does not discuss profitability, he does have one magazine article discussing the
economics of aquaponics, which he co-authored with Doug Sanders in 1998, titled, "Fish Increase
Greenhouse Profits," in The American Vegetable Grower.36 As a rationale for the conclusion that
integrating aquaculture into hydroponic systems can increase profits, this article with three pages of
text asserts, "The system provides economical yields of vegetables and fish. The fish system is
32 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture."
33 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture," 3; M.R. McMurtry and Nelson, P. V.;
Sanders, D. C.; Hodges, L., "Sand Culture of Vegetables Using Recirculating Aquacultural Effluents," Applied
Agricultural Research 5, no. 4 (1990): 280-284.
34 Sanders, Doug, and Mark McMurtry., "Fish Increase Greenhouse Profits," American Vegetable Grower, 1988;
McMurtry and Nelson, P. V.; Sanders, D. C.; Hodges, L., "Sand Culture of Vegetables Using Recirculating
Aquacultural Effluents."
35 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture," 4.
20
profitable on its own and when the vegetable component is added profits are further increased." 37
However, the article provides no further financial details to back up this claim beyond detailing
higher levels of productivity of green beans and cucumbers in an aqua-integrated greenhouse
compared to a conventional greenhouse. Moreover, things such as capitalization costs and operating
costs are not discussed, which significantly impact cash flow and profitability making it unclear if the
aquaponics system really is profitable.
The North Carolina State University system began to evolve in the early 1990s when Tom
and Paula Speraneo, owners and operators of S & S AquaFarm in Missouri, used pea-grade river
gravel, also known as pea-gravel, in lieu of sand beds for their hydroponic growing media and placed
the fish in above-ground tanks. They also used a tilapia that tolerated colder water temperatures than
tilapia in the North Carolina State University aquaponics system. S & S AquaFarm grew many types
of produce including, "fresh basil, tomatoes, cucumbers, mixed salad greens, and an assortment of
vegetable, herb, and ornamental bedding plants in the aquaponic greenhouse. 38 Diver reports that
the Speraneos did much to spread information about aquaponics and increase its early adoption.
The Speraneos created a resource manual and were actively involved in disseminating information
about their aquaponics system, welcoming 10,000 visitors onto their farm. Diver says the Speraneos'
system was deployed widely in schools and in many commercial aquaponics operations. 39 The
Speraneos' manuals, however, do not contain substantial financial information regarding aquaponics.
The Freshwater Institute in Shepherdstown, West Virginia also conducted research on
aquaponics and created a further iteration of the North Carolina State University system by building
on the Speraneos' system. Diver describes the impetus for the Fresh Water Institute's early research
36 Sanders, Doug, and Mark McMurtry., "Fish Increase Greenhouse Profits."
37 Ibid., 33.
38 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture."
39 Ibid.
with aquaponics as being derived from a desire to prevent aquacultural runoff from polluting
streams. The Fresh Water Institute's early research demonstrated hydroponic systems could remove
nutrients including nitrogen and phosphorous from aquacultural effluent before water was released
into streams. 40 Following this finding, Diver reports that in the mid 1990's, the Freshwater Institute
continued to research and disseminate information about aquaponics.
In 1998, the Freshwater Institute produced several manuals on aquaponics production. A
survey of the institute's manuals reveals that, with one notable exception, most of these publications
focused on how to design and operate aquaponics systems. 4 1 These manuals describe the
Tallmansville system, which it based on designs from S & S Aquaculture and also on McMurty's
research at North Carolina State University. One change made to the Speraneos' system was the
addition of a root-zone heating system, a technique commonly used in greenhouse production, to
plant beds. A second change made to the Speraneos' system was the addition of a reciprocating
hydroponic system, where growing media was alternately flooded and drained rather than trickle
irrigated, to provide both water and oxygen to the plants in an alternating fashion.4 2
While a majority of the publications from The Freshwater Institute are written as "how-to"
guides, in 1997, the Institute produced one manual, "The Freshwater Institute Natural Gas Powered
Aquaponic System - Design Manual," which contains some financial projections for the aquaponics
40 Ibid., 8.
41 TCF-Freshwater Institute 109 Turner Road Shepherdstown, West Virginia 25443, "880 - Gallon
Aquaculture System Installation Guide," September 1998; TCF-Freshwater Institute 109 Turner Road
Shepherdstown, West Virginia 25443, "Linking Hydroponics to a 880 Gallon Recycle Fish Rearing System,"
September 1998; TCF-Freshwater Institute 109 Turner Road Shepherdstown, West Virginia 25443,
"Operators Manual for 880 - Recycle System," June 1998; TCF-Freshwater Institute 109 Turner Road
Shepherdstown, West Virginia 25443, "Suggested Management Guidelines for an Integrated Recycle
Aquaculture - Hydropoic System," September 1998.
42 The Conservation Fund Freshwater Institute P.O. Box 1889 Shepherdstown, West Virginia 25443 (304)
876-2815, "The Freshwater Institute Natural Gas Powered Aquaponic System - Design Manual, Version 1.3,"
September 1997, 5.
system in the manual. 4 3 This manual outlines capital costs to construct the system along with
estimated operating costs. It is interesting to note that the largest operating costs were labor (almost
70%), and maintenance (10.8%). The Freshwater Institute also pointed out that it was able to take
advantage of low cost energy onsite, and estimated that, if it had to pay a market rate for energy
costs, this would be another major cost and would amount to roughly the same cost as maintenance.
The financials in this document do not include revenue projections or cash flow analysis nor do they
discuss profitability. 44
Diver identifies a second main branch of aquaponics stemming from Dr. James Rakocy who
is currently the preeminent scholar on aquaponics and who along with his team at the University of
the Virgin Islands Agricultural Experiment Station developed the raft system of aquaponics (also
known as deep-water aquaponics.) Like Ronald Zweig's hydroponic solar ponds at the New
Alchemy Institute, Dr. Rakocy's system employs a floating hydroponic system. In this case, the
hydroponic beds and the fish tanks are two separate sets of vessels connected by pipes that
recirculate the water. The deep-water troughs for the hydroponics system are rectangular and
contain polystyrene "rafts" in which plants float and where plant roots hang freely into the water.
This sophisticated system of aquaponics involves equipment and components such as
clarifiers, filters, degassing tanks, air diffusers, sump, and base addition tanks. The system was
designed to maximize productivity and ensure precision in growing.45 Rakocy's research spans 30
years and continues to the present day. His research is based on an outdoor system of aquaponics,
which raises mainly Nile and red tilapia in the tropical environment of the Virgin Islands. Divers
reports that the University of the Virgin Islands offers the most comprehensive course on
43 The Conservation Fund Freshwater Institute P.O. Box 1889 Shepherdstown, West Virginia 25443 (304)
876-2815, "The Freshwater Institute Natural Gas Powered Aquaponic System - Design Manual, Version 1.3."
44 Ibid., 23.
45 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture," 7.
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aquaponics production and is considered the primary source of information regarding aquaponics
systems.
Dr. Rakocy has produced numerous publications on the technical aspects of growing
aquaponics in outdoor tropical environments. 46 His research on aquaponics includes nutrient
delivery in hydroponic systems and system optimization. 4 7 Rakocy does have a notable publication
from 2004 describing the financial aspects of aquaponics. His study compares productivity levels
and gross income of basil and okra grown in fields with basil and okra grown in an aquaponics
system. The study found productivity levels of basil and okra in the aquaponics system to be 18
times and 3 times higher, respectively, than in the field system. Gross income levels from basil and
okra sales, based on market prices in the Virgin Islands, were projected to be $515 per cubic meter
per year for the aquaponics system vs. $172 per cubic meter per year for the field system. When
adding in fish sales to the aquaponics system, the system was projected to gross $134,245 versus
$36,808 per year for the same growing area.4 8 Although, at first glance, this makes aquaponics
production appear superior to field production due to higher gross income levels, this study does
not take into account costs of production, nor does the study conduct cash flow analysis to
determine net income, which is a calculation far more critical to farmers, business owners, and
46James Rakocy, "Aquaculture Engineering - The Status of Aquaponics, Part 1," Aquaculture magazine. 25, no.
4 (1999): 83; James Rakocy, "Aquaculture Engineering - The Status of Aquaponics, Part 2," Aquaculture
magazine. 25, no. 5 (1999): 64; James E Rakocy et al., "Aquaponic Production of Tilapia and Basil: Comparing
a Batch and Staggered Cropping System," Acta Horticulturae, no. 648 (February 2004): 63-70; J Rakocy,
"Aquaponics - Preliminary Evaluation of Organic Waste from Two Aquaculture Systems as a Source of
Inorganic Nutrients for Hydroponics," Acta Horticulturae, no. 742 (2007): 201; James Rakocy and Hargreaves,
"Integration of Vegetable Hydroponics with Fish Culture: A Review," in Techniquesfor Modern Aquaculture:
Proceedings of an Aquacultural Engineering Conference, 21-23 June 1993, Spokane, Washington (presented at the
American Society of Agricultural Engineers, St. Joseph Mich. USA: American Society of Agricultural
Engineers, 1993); James Rakocy and Oklahoma Cooperative Extension Service., Pond Culture of Tilapia
([Stillwater Okla.]: Division of Agricultural Sciences and Natural Resources Oklahoma State University,
2007); James E Rakocy, Michael P Masser, and Thomas M Losordo, RecirculatingAquaculture Tank Production
Sjstems: Aquaponics - Integrating Fish and Plant Culture (Southern Region Aquaculture Center, 2006),
http://www.aces.edu/dept/fisheries/aquaculture/documents/309884-SRAC454.pdf.
47 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture."
investors considering aquaponics. Additionally, as with a majority of Rakocy's research, the
productivity numbers in this study are based on an outdoor tropical growing system where warm
weather and many hours of strong sunlight translate into productivity levels for tilapia and
vegetables that tend to be higher than in more temperate climates. Furthermore, in cold climates an
outdoor field system would not be feasible year-round. Consequently, Rakocy's conclusions are not
directly applicable to aquaponics systems in more temperate climates.
Perhaps one of Rakocy's most interesting and colorful publications is the one tided, "Beware
of Aquashysters," published in 2010.49 Rakocy warns of vendors selling aquaponic systems that may
not be profitable and of people claiming to be aquaponics experts who are not experts. Interestingly,
Rakocy notes that one person he identifies as an aquashyster did not tell investors about the cash
flow of the operation he sold to them. Rakocy states, "What the investors were not told is that the
fish, which sold for about $2 per pound, cost about $10 per pound to produce in this ultramodern
facility.. .This company was actually in the business growing investors, not fish." Here Rakocy
highlights the importance of understanding the cash flow and profitability of a business.
Rakocy does go so far as to say in a 1993 publication that further financial research is need
on aquaponics systems, writing, "a readiness to invest in these systems has outpaced the availability
of information needed to make sound decisions concerning system design, construction,
management and economics.. .data on capital and operating costs needed for financial projections
has seldom been obtained."50 Perplexingly, despite Rakocy's assertions that there is a need for such
research, there is little in the literature, including in Rakocy's publications, covering the topics of
capitalization costs, profitability, and cash flow of aquaponics.
48 Ibid., 7.
49 Rakocy, "Beware of Aquashysters."
50 Rakocy and Hargreaves, "Techniques for modern aquaculture," 112.
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Along with the University of the Virgin Islands, Diver mentions two other prominent
aquaponics operations that conduct short courses on aquaponics workshops: Growing Power, Inc.
and Aquaculture International in North Carolina.51 Diver also mentions that another company
called Nelson and Pade conducts courses, though he does not identify Nelson and Pade as one of
the prominent organizations offering short courses.
The AquaponicsJournal, in which Rakocy's "Beware of Aquashysters" is printed, is the
premier trade journal for the aquaponics industry and has been published continuously since 1997.
This journal provides information about aquaponics in a non-scholarly format. The publisher of this
journal, Nelson and Pade, is one of the predominant suppliers of pre-fabricated aquaponics systems
and products in the United States. With the help of Dr. Rakocy, Nelson and Pade developed their
highly technical Clear Flow Aquaponic Systems, Rebecca Nelson stated that this system produces
twice as many fish and vegetables as Dr. Rakocy's system in the Virgin Islands. However, although
Rebecca Nelson asserts that there are aquaponics companies with which Nelson and Pade consults
which are earning net profits from Nelson and Pade's Clear Flow Aquaponic Systems,', she was
unable to provide the names of any of those companies or to provide cash flow projections for
Clear Flow Aquaponic Systems- due to proprietary information.52
Since Diver's publication in 2006, one of the most prominent aquaponics operations to
come on line is Friendly Aquaponics, Inc. In 2007, Tim and Susanne Friend brought the Rakocy
system of aquaponics to Hawai'i and started a commercial operation, which teaches occasional
courses on aquaponics. Tim and Susanne's farm was the first aquaponics operation in the United
States to be organically certified. The couple have done much to popularize aquaponics in Hawai'i.
The farm provides weekly tours to people and, as of April 2010, the Friends had held four
si Diver, "Aquaponics - Integration of Hydroponics with Aquaculture," 12.
52 Rebecca Nelson, "Re: Steve Fraser / EBNHC project," April 21, 2011.
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commercial aquaponics training seminars with between 50 - 75 attendees in each session and
planned to continue such trainings twice per year. As of June 2010, six of their students had started
commercial operations, and five of them had become organically certified. Innovations to the
Rakocy system include adding freshwater prawns to the deep-water troughs used for hydroponic
vegetable production and creating a system that requires one-tenth of the electricity that the Rakocy
system does. Friendly Aquaponics is also working on developing a biodigester to further reduce
dependence on fossil fuels as a source of energy for their aquaponics system.5 3 Also of note are their
experiments growing wetland taro in their aquaponics system.
Concurrently, over the past several years, many farmers and backyard gardeners in Hawai'i
have begun to experiment with aquaponics. In response, the University of Hawai'i at Manoa's
College of Tropical Agriculture and Human Resources has added aquaponics as part of its
sustainability curriculum.5 4
Around the same time Friendly Aquaponics came into existence in Hawai'i, Sweet Water
Organics began its operations in the much colder climate of Milwaukee, Wisconsin. Sweet Water
Organics is a for-profit corporation founded in 2008 by James Godsil and Josh Fraundorf who drew
their inspiration from Growing Power's operations.5 5 Sweet Water Organics is located inside a re-
purposed industrial building at 2151 South Robinson Avenue in the Bay View neighborhood of
Milwaukee. Sweet Water Organics adapted Growing Power's aquaponics system, keeping the basic
physical 3-tiered design and watercress filtration system, while changing out soil-based growing beds
for a deep-water raft hydroponic system. Due to the low-light conditions in the industrial building in
53 "Friendly Aquaponics, Inc. I Our History at Friendly Aquaponics," 2010,
http://www.friendlyaquaponics.com/about-us/friendly-aquaponics-history/.
54 K. D. Kobayashi, T. J. K. Radovich, and B. E. Moreno, "A Tropical Perspective on Environmental
Sustainability in Horticultural Education," HortTechnology 20, no. 3 (2010): 503-508.
55 Mueller, interview.
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which Sweet Water Organics is located, it also added intense grow lights to boost vegetable
production. In their first 3 years in operation, Sweet Water had not yet achieved positive cash flow.
However, the group has hefty start-up costs to recoup and has at times fallen short of attaining
maximum productivity levels for fish and plants. Furthermore, Sweet Water Organics continues to
innovate. They have plans for expanding with outdoor greenhouses that will be connected to their
indoor fish tanks. Consequently, it is too early to tell if Sweet Water Organics will attain positive
cash flow from its aquaponics operations.5 6 Photographs of Sweet Water Organics' operation
follow.
56 James Godsil, In person interview, digitally recorded, January 16, 2010.
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Three-tiered growing structure pictured on the right, Photograph by author.
29
The structure of an aquaponics system at Sweet Water Organics, Photograph by author.
30
Raft system at Sweet Water Organics, Photograph by author.
31
. . . ... ..............
Other commercial operations of note in the United States are AquaRanch Industries and
Cabbage Hill Farm in Mount Kisco, New York. Outside of the United States, there are several
prominent centers for aquaponics including the University of Alberta in Canada, Backyard
Aquaponics in Australia, and Charlie Price's Aquaponics UK, which works in partnership with
Sterling University.
The above history of aquaponics in the United States reveals that the major innovators of
aquaponics have not been focused on the financial aspects of this enterprise. Similarly, only a
handful of researcher have written articles and dissertations that discuss the financial aspects of
aquaponics and very few of these contain full business models. For example, a document titled
"Evaluation and Development of Aquaponics Production and Product Market Capabilities in
Alberta" is a final report authored by Nick Savidov detailing a two-year investigation of the potential
viability of aquaponics as an industry in Alberta. The report contains an extensive evaluation of the
productivity levels of various varieties of vegetables and draws some important conclusions. One of
Savidov's key findings was that aquaponics can produce higher levels of production than
conventional hydroponics. Another key finding was that "the rate of fish biomass production is
comparable with conventional aquaculture." 57 This would suggest that an aquaponics operation
would have the potential to be profitable, though further investigation is needed as the report does
not discuss the cost of production for hydroponic or aquaponic systems. However, the report does
not go into any financial analysis.
Buried in Appendix C of Savidov's document is Lori-Jo Graham's SWOT analysis of
developing an aquaponics industry in Alberta. While Graham discusses factors that could influence
the success or failure of an aquaponics industry, she conducts no explicit financial analysis of
aquaponics. 58
A second document mentioning the economics of aquaponics is the master's thesis, "An
Economic Analysis of Integrating Hydroponic Tomato Production Into an Indoor Recirculating
Aquacultural Production System," from Auburn University in 2006.59 This thesis analyzes a planned
aquaponics system and evaluates the economic and technical potential of supplementing a channel
catfish or tilapia operation with a hydroponic tomato production. The thesis found that a standalone
fish operation producing either 44,000 pounds of channel catfish or 27,600 pounds of tilapia
annually lost $21,000 and $5,000 respectively. Whereas integrating these operations with hydroponic
tomato production resulted in an annual income of $9,453 and $25,253, respectively. Despite the
promise this thesis offers to the financial prospects of aquaponics, this analysis is completely
hypothetical. The author is not analyzing an existing aquaponics operation to determine its financial
viability. Rather, the author derives data largely from literature regarding stand-alone hydroponics
and aquaponics operations. A real-life scenario could produce far different results. Consequently,
while this study is a worthy exploration into the financial prospects of aquaponics and contains one
of the only break-even and sensitivity analysis published regarding integrated fish and vegetable
systems, this thesis is insufficient to determine if aquaponics can truly be profitable.
A third article that mentions the economics of aquaponics does derive financial estimates
from an existing integrated operation. This article, "Economic Benefits of Integrating a Hydroponic-
Lettuce System Into a Barramundi Fish Production System," found in Aquaculture Economics & Management
and written in 2010 by Jagath Rapasinghe and John Kennedy notes that economic feasibility studies
s7 Nick Savidov, "Evaluation and Development of Aquaponics Production and Product Market Capabilities
in Alberta: Ids Initiatives Fund Final Report, Project #679056201" (Crop Diversification Centre South,
Brooks, Alberta, August 17, 2004), 20.
58 Lori-Jo Graham, "Aquaponics in Alberta: an Environmental Industry scan. Appendix C, July 2003," in
Evaluation and Development of Aquaponics Production and Product Market Capabilities in Alberta: Ids Initiatives Fund
Final Report, Project #679056201 (Crop Diversification Centre South, Brooks, Alberta, 2004).
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regarding aquaponics are few in number. Through capital budgeting, this study examines an existing
integrated barramundi and lettuce system in Australia and compares the financial prospects of fish
and lettuce production as separate enterprises to the financial prospects of integrating these systems.
The authors reason that there should be a benefit to integrating the systems since aquaculture
produces a significant waste stream where only 18 to 32% of fish feed is converted to fish biomass.
The rest of the nutrients (and investment in these nutrient) are lost in aquacultural effluent. The
authors suggest that the addition of a hydroponics system to an aquaculture enterprise should
produce economic benefit by reducing the cost of eliminating aquacultural effluent and by reducing
fertilizer costs for the hydroponic system. The study finds that there are net benefits to operating the
systems together.60 However, there are differences between the system analyzed and a fully
recirculating aquaponics system. In the system analyzed by the authors, water is not returned from
the hydroponic system to the fish system. Furthermore, due to the climate and type of fish grown,
this system does not incur significant heating costs, making the analysis not directly transferrable to
an aquaponics system in a more temperate climate.
A fourth article mentioning the economics of aquaponics was written by Harper, Wade,
Takeda, and Adler and titled, "Economic Analysis of an Aquaponic System for the Integrated
Production of Rainbow Trout and Plants." This article, found in InternationalJournal of Recirculating
Aquaculture, frames plant-based removal of nutrients as a potential source of additional revenue for
aquaculture systems that offsets the costs of nutrient removal for traditional aquaculture facilities.
The article suggests that combining aquaculture and plant production systems reduces the costs of
both systems by combining operating costs such as "management, water, nutrients, and overhead
59 James Bret Holliman, "An Economic Analysis of Integrating Hydroponic Tomato Production Into an
Indoor Recirculating Aquacultural Production System" (Auburn, Alabama: Auburn University, 2006).
60 Jagath Rupasinghe, "Economic Benefits of Integrating a Hydroponic-Lettuce System Into a Barramundi
Fish Production System," Aquaculture Economics & Management 14, no. 2 (April 1, 2010): 81-96.
charges" as well as capital costs such as "backup generator, used truck, and office equipment." This
article found the aquaponics system it details has a profitable IRR (internal rate of return) of 12.5%
over the course of the 20-year expected life of the system. Additionally, 67% of the annual returns
came from plant production. 61
A fifth article mentioning the economics of aquaponics is, "An Economic and Technical
Evaluation of Integrating Hydroponics In a Recirculation Fish Production System," found in Aquaculture
Economics & Management written by P.A. Chaves, R. M. Sutherland, and L. M. Laird from the
University of Aberdeen in Scotland.62 The study investigated the potential to increase the income of
a recirculating channel catfish production system by integrating tomato production as a biological
filter, which would decrease the amount of water needed to refresh the catfish system with clean
water and provide complementary income from tomato sales. The study created a plan and annual
budget for the production of tomatoes and 20 tonnes of channel catfish. The study found a high
internal return rate (IRR) of 27.32% for the integrated system and compared this to a system that
only produced catfish and found little difference. The study found that the sensitivity to alternative
margins showed the possibility of better returns from the aquaponic system. The study also
suggested that there would be a reduction in effluent from fish production, which added social
benefits. The study concluded that it might make economic sense to combine fish and crop
production if the margins from both types of production are high.
A sixth document that talks about economics and aquaponics is Beth Jorgenson's
"Developing Food Production Systems in Population Centers," found in BioCycle. She reports that
Saginaw Valley State University (SVSU)'s Green Cardinal Initiative worked with two community
61 P.R., J.K. Harper, E.W. Wade, F. Takeda, and S.T. Summerfelt. Adler, "Economic Analysis of an
Aquaponic System for the Integrated Production of Rainbow Trout and Plants," InternationalJournal of
Recirculating Aquaculture 1 (2000).
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organizations to develop a model to evaluate their vermicomposting system. They monitored
productivity, energy, and labor requirements. "Input data includes labor requirements, installation
and operating costs, rates of work preproduction and the rates of food waste and paper waste
delivered. Output data includes rates of waste reduction and the yields of produce, worm tea and
vermicompost." 63 Though aquaponics is mentioned in the article, it is unclear whether aquaponics
was part of the input-output evaluation.
A seventh article that mentions the economics of aquaponics titled, "Aquaponics Proves
Profitable in Australia: Barramundi and Lettuce Combination Increases Revenues," and published in
the Aquaponics Journaldetails the aquaponics operation at Tailor Made Fish Farms, run by Dr. Rocky
de Nys and Nick Arena. However, in spite of the title of the article, it does not discuss the financials
of the farm, cash flow, or profitability. Rather, the article merely details productivity levels on the
farm, which are 600 kilograms per week of Barramundi and 20,000 heads of lettuce every month to
every six weeks. The only financial figure given in the article is the cost to purchase a Tailor Made
Waste Filter, which filters water in aquaponics systems and which the farm sells to others at a cost
$2,500 to $3,000.64 The final line of the article says, "For further information, including financial
analysis, visit www.urbanagricultureonline.com," however, as of December, 2011 the link went to a
defunct website and did not lead to accessing any financial analysis of the farm.
62 P.A. Chaves, R.M. Sutherland, and L.M. Laird, "An Economic and Technical Evaluation of Integrating
Hydroponics in a Recirculation Fish Production System," Aquaculture Economics & Management 3, no. 1 (April
1999): 83.
63 B. Jorgensen et al., "Developing Food Production Systems in Population Centers," BioCyc/e 50, no. 2
(February 2009): 27.
64 Geoff Wilson, "Aquaponics Proves Profitable in Australia: Barramundi and Lettuce Combination
Increases Revenues," Aquaponics Journal, First Quarter 2002,
http://www.aquaponicsjournal.com/docs/articles/Aquaponics-Proves-Profitable-in-Australia.pdf.
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An eighth article that mentions the economics of aquaponics is a 2009 publication in World
Aquaculture titled, "Aquaponics: The Integration of Recirculating Aquaculture and Hydroponics." 65
This article looks at the addition of a hydroponic system to an already profitable aquacultural system
as a means of disposing of aqaucultural effluent in a more economical manner while at the same
time increasing income in the form of plant sales. The study found that it is possible to remove
almost all of the nutrients from aquacultural effluent by integrating hydroponics. At the time of
publication of the article, the business was operating at 40% capacity. At this capacity, the author
reported that although he was not currently earning large profits that fish sales were covering the
operating costs of the business, which included power, fish feed, buffers, and seed production.
Consequently, he viewed sales from plants as pure profit. The author estimated that once they reach
full production, the business will earn in profit $87,868 per year off land area the size of a tennis
court with two days of work per week. These are the only financials provided in this article and
while this article suggests that aquaponics may be able to produce a profit, the article provides no
further financial details that help the reader understand in greater detail the operating costs or cash
flow of an aquaponics system. Furthermore, capitalization costs for the hydroponic system do not
appear to be taken into account in this assessment.
A ninth article touching on the economics of aquaponics is "Affordable Technologies For
Utilization of Methane in a Landfill Environment: An Example of an Integrated Technology Array
and Evolving Institutional Networks," found in Natural Resources Forum, is an institutional analysis
examining a partnership between the private sector and academics in the creation of a center
65 Lennard and Leonard, "A Comparison of Three Different Hydroponic Sub-systems (Gravel Bed, Floating
and Nutrient Film Technique) in an Aquaponic Test System."
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designed to provide proof of concept opportunities related to methane reuse.66 Aquaponics is one
of the concepts for methane reuse. This article is interesting because it shows that aquaponics may
tap into a waste stream of another industrial venture and use that waste stream as an input. This is
something that could affect the financial prospects of an aquaponics system by reducing costs.
A handful of articles discuss the biochemical processes of aquaponics systems. Two of these
articles address the food safety of aquaponics. One of these, "On Farm Food Safety of
Aquaponics," published by the University of Hawai'i at Manoa's College of Tropical Agriculture and
Human Resources, discusses the, "good agricultural practices," necessary to limit risks of pathogens
in aquaponics systems. 67 The other publication, "Aquaponics and Food Safety," written by Gordon
A Chalmers, DVM of Lethbridge, Alberta in 2004 also addresses food safety issues of aquaponics. 68
This paper discusses at length both potential food borne pathogens and contaminants in aquaponics
systems as well as common pests and diseases that affect both plants and fish. The paper concludes
that, "food-borne or zoonotic disease associated with aquacultural products, including aquaponics,
seems to be rare."
Several other articles also investigate the biochemical processes of aquaponics such as the
article, "Nitrosomonas communis Strain YNSRA, an Ammonia-oxidizing Bacterium, Isolated From
the Reed Rhizoplane in an Aquaponics Plant," found in Journal ofBioscience and Bioengineeing the
article, "Effect of Nutrient Solution, Nitrate-Nitrogen Concentration, and pH on Nitrification Rate
in Perlite Medium," and two articles found in the Journal ofPlant Nutrition titled, "Effect of Water pH
66 Edward Linky, Harry Janes, and James Cavazzoni, "Affordable Techologies For Utilization of Methane in
a Landfill Environment: An Example of an Integrated Technology Array and Evolving Institutional
Networks," Natural Resources Forum 29, no. 1 (February 1, 2005): 25-36.
67 Luisa Castro and Jim Hollyer, "On-Farm Food Safety: Aquaponics. FST-38" (University of Hawai'i at
Manoa College of Tropical Agriculture and Human Resources, July 2009).
68 Gordon, A Chalmers, "Aquaponics and Food Safety," April 2004.
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on Yield and Nutritional Status of Greenhouse Cucumber Grown in Recirculating Hydroponics." 69
These, obviously provide little insight into the economics of aquaponics.
A vast majority of the remaining literature focuses on understanding and optimizing
productivity of aquaponics systems. One example is, "A Comparison of Reciprocating Flow Versus
Constant Flow in an Integrated, Gravel Bed, Aquaponic Test System," found in Aquaculture Journal.
This article investigates differences between two aquaponic flood regimes - reciprocal flow, where
the hydroponic bed was periodically flooded and constant flow where the hydroponic bed was
constantly flooded. A constant flow of water was found to produce higher yields of lettuce than
reciprocating flow in this system.7 0 This suggests that studying a system with continuous rather than
reciprocating flow has a higher likelihood of producing cash flow projections which are positive.
The remaining scholarly articles, dissertations and non-scholarly articles mentioning
aquaponics that I have reviewed largely describe bow to design and operate aquaponics systems from
a technical and scientific perspective and rarely delve into whether one should operate aquaponics
systems from a financial and community benefits perspective. Most importantly, this literature
review demonstrates a gap in the literature regarding the potential for fish and vegetable sales in
aquaponics operations in temperate climates to offset costs and to create jobs. To address this gap in
knowledge, this thesis will first describe a case study for an aquaponics operation in a temperate
climate. This thesis will then create financial projections for a specific type of aquaponics system
growing lettuce, tilapia, and perch to determine if the system can attain positive cash flow from fish
69 Tatsuaki Tokuyama et al., "Nitrosomonas Communis Strain YNSRA, an Ammonia-Oxidizing Bacterium,
Isolated from the Reed Rhizoplane in an Aquaponics Plant," Journal of Bioscience and Bioengineering 98, no. 4
(2004): 309-312, http://www.sciencedirect.com/science/article/B6VSD-4DTSGN1-
H/2/7c3526656b98809ae0f0290d7da443c1; R, E H Simonne, M Davis, E M Lamb, J M White, DD
Treadwell Tyson, "Effect of Nutrient Solution, Nitrate-Nitrogen Concentration, and pH on Nitrification Rate
in Perlite Medium," Journal of Plant Nutrition 30, no. 6 (2007): 901-913; R. V. Tyson et al., "Effect of Water pH
on Yield and Nutritional Status of Greenhouse Cucumber Grown in Recirculating Hydroponics," Journal of
Plant Nutrition 31, no. 11 (2008): 2018-2030.
70 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture."
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and vegetable sales alone. This investigation will then discuss ways in which operators of a system of
this type can alter their operations to close any gaps between income and expense and move closer
to or attain positive cash flow. This analysis will be widely applicable to organizations which may be
eyeing aquaponics as a means of community and economic development in temperate climates
across the United States.
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Chapter II: A Case Study of Aquaponics In a Temperate Climate: Growing Power, Inc.
Due to the dearth of literature regarding the financial viability of existing aquaponics
operations, as described above, I chose to conduct a case study in order to understand an
aquaponics operation in depth and to create financial projections for its specific system. As my case
study, I chose Growing Power, Inc., with operations in Milwaukee, Wisconsin. I selected this facility
because Growing Power has a unique method of aquaponics production, which the literature review
above reveals has not been widely studied. Additionally, Growing Power offers workshops to
individuals and community groups on aquaponics and is widely heralded as one of the premier
aquaponics facilities in temperate climates in the United States. Growing Power, gained fame when it
was catapulted onto the national scene in 2008 after founder, William Allen, won a MacArthur
Fellowship for his work in urban agriculture and community organizing. 71
The information I gathered about Growing Power comes from in-person interviews
conducted with owners and operators of the facility from January 15h through 17*, 2001 as well as
from attending the "From The Ground Up" two-day workshop on January 15* and 16*, 2011 at
Growing Power. There, I conducted interviews with Richard Mueller, the self-described aquaponics
manager and maintenance guy, William Allen, founder and self-described CEO of Growing Power,
Ryan Dale, who is in charge of energy and electrical systems, and Henry Herbert. Richard Mueller's
responsibilities as the aquaponics manager and maintenance guy are to design, build and maintain
the aquaponics systems. He has worked at Growing Power for eight years and has been working
with hydroponics and aquaculture for thirty years.
Growing Power: A Description
Growing Power, Inc. is a 501(c)(3) not-for-profit corporation founded 18 years ago by
William Allen. Mr. Allen continues as the Executive Director of the corporation and operates out of
the organization's headquarters at 5500 West Silver Spring Drive in Milwaukee, Wisconsin. Growing
Power has a satellite operation, which is headed by his daughter, Erika Allen, in Chicago, Illinois. All
together, the organization employs 60 people, and over 3000 volunteers come through its doors
annually. Approximately 100,000 people tour Growing Power each year, which includes people
attending workshops. 72 Growing Power has plans to expand its facilities and to double its employee
base within the next several years. 73
Growing Power has been growing food using aquaponics for the last thirteen years. 74 Its
system of aquaponics production is a 3-tiered growing system, as pictured below. The bottom level
of the system is a 3-foot deep fish raceway, which is sunk into the ground. The reason for this is that
the thermal mass from the ground helps to keep the water in the fish tank at a warmer temperature,
which reduces heating costs. The middle level of the system serves as a biofiltration bed, which is
filled with pea gravel and watercress. The gravel creates surface area for bacteria, which power the
nitrogen cycle and convert fish waste into usable nutrients for the plants. The watercress also helps
to filter the water. The top level of the system contains pots filled with soil that sit in flowing water.
The plants take up nutrients from the water through the holes in the bottom of the pots. Additional
nutrients are supplied from the soil itself, which Growing Power mixes from a combination of
coconut coir that it imports and worm castings and compost that it produces on site. This
incorporation of substantial amounts of soil as growing media is a fairly unique approach to
aquaponics utilized by Growing Power
71 Barbara Miner, "An Urban Farmer Is Rewarded for His Dream," The New York Times, October 1, 2008,
sec. Dining & Wine, http://www.nytimes.com/2008/10/01/dining/01genius.html?._r=1.
72 Mueller, interview.
73 Ibid.
74 Ibid.
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Growing Power's three-tiered system, Photograph by author.
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A tour of Growing Power's aquaponics systems during a From the Ground Up workshop, Photograph by author.
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The aquaponics system itself is constructed from wood and each growing bed and fish tank
is lined with 45-mil thick EPDM fish safe pond liner. Richard Mueller reports that this is a non-toxic
liner that can be used for potable water sources. He emphasizes that no one should ever use roofing
materials as a liner because roofing materials contain arsenic, which can taint fish and vegetables."
Water flows through the entire system via PVC pipes and sprayer bars. The recharge rate for
the water is once every three to four hours on their smaller systems and every four to five hours on
their larger, 65-foot long systems. This flow through rate is a function of the length of the system as
Growing Power uses pumps with the same capacity for each system, regardless of their size. Richard
Mueller, the aquaponics manager and maintenance guy at Growing Power, estimates that this rate
could be slowed down to once every eight hours while still keeping the system healthy.
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75 Ibid.
Water flowing through sprayer bar at Growing Power, Photograph by author.
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Growing Power's aquaponics system requires a water source to replenish water lost through
evaporation and transpiration. Water is replenished in quantities of between 25 and 300 gallons per
day. For most of Growing Power's history, the primary source for watering was public water supply.
Historically, this was supplemented in small quantities by rain catchment barrels. In the last year,
Growing Power added a water catchment system, which includes a catchment tank of approximately
10,000 gallons, sited outdoors, and another tank of approximately 5,000 gallons sited inside a
greenhouse. Water from this catchment system is now the primary source of water for several of
Growing Power's aquaponics systems, including the system on the north side of Greenhouse 2, the
systems in Greenhouse 4 and the larger system in Greenhouse 5. The rest of the systems remain on
city water.76
The approximately 10,000-gallon outdoor catchment tank contains about 300 yellow perch
and blue gill fish. A photo of this outdoor tank is below. It is interesting to note that the perch and
blue gill are surviving well beneath the snow seen in the picture. The approximately 5,000 gallon
indoor tank contains roughly 4,000 to 5,000 yellow perch. The two tanks are connected by a pipe,
which allows water to flow on demand rather than with a continuous flow. The indoor tank
provides a source of water watering the plants. The outdoor tank replenishes the fish tanks in the
greenhouses mentioned above. This outdoor tank is connected via a standard well setup involving a
well pump and pressure tank to both provide water to the vegetables and replenish the fish tanks.
When needed, the catchment system is supplemented with city water; the amount of city water
required varies depending on whether it is a rainy period or a dry period.
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76 Ibid.
Outdoor water catchment tank at Growing Power, Photograph by author.
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Outdoor water catchment tank at Growing Power with fish surviving well under the snow, Photograph by author.
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Growing Power cultivates three types of fish, including tilapia, which they have grown for
years and yellow perch, which is a fish added to their systems in the last two years. There are also
some blue gills on site.77 Growing Power gets shipments of fish in batches of 10,000 fish. The entire
batch gets placed into one 10,000-gallon system and is raised to maturity over the course of a year.
The fish in one batch mature at different rates. As some fish grow to substantial size, they are
removed from the 10,000-gallon system in batches of 300 to 500 fish and placed in a smaller 750-
gallon system where they can more easily grow to market size. It takes about one month for the fish
in the smaller tanks to grow to market size, which is between a pound and a pound and a half per
fish.7' Growing Power has high success rates with its fish and very low incidences of fish disease and
no instances of fish parasites. "We have a real high success level with our fish," says Richard
Mueller, aquaponics manager and maintenance guy at Growing Power.79 He attributes the health of
the fish to the specific biofiltration of the Growing Power system of aquaponics production, which
includes using soil as a buffer medium and which mostly prevents large fluctuations in the pH of the
water.
Growing Power has several strategies for keeping the greenhouses warm through
Milwaukee's cold winter. Rather than heat the air in the greenhouses directly, the water is heated in
the fish tanks using pool heaters. One of these pool heaters has a 336,000 BTU furnace. Growing
Power heats the tanks for tilapia to 85 degrees Fahrenheit and the tanks for yellow perch to 68 - 70
degrees. These are the optimum temperatures for the fish to thrive. The fish kill temperatures for
tilapia is below 55 degrees Fahrenheit and for yellow perch 32 degrees or below, although below 33
or 34 degrees Fahrenheit, yellow perch begin to falter. On the upper end, the fish kill temperature
for tilapia is 90 degrees Fahrenheit and yellow perch start to suffer and stop eating at about 74
77 Ibid.
78 Ibid.
degrees Fahrenheit. Throughout much of the year, the ambient temperature in the connected
greenhouses is about 60 to 65 degrees." The ambient temperature in the hoop houses with no
heated fish tanks in them is about 40 degrees.
In the winter, Growing Power uses compost piled along the walls of the greenhouses outside
to help keep the greenhouses warm. The thermal mass of the compost provides insulation.
Additionally, compost piles inside the greenhouses and hoop houses heat up as they go through
their aerobic processes providing additional heat. Inside the hoop houses, Growing Power lines the
walls with compost and also with pots filled with soil to provide additional thermal mass.
Growing Power produces a multitude of vegetables in its aquaponics system, including
microgreens, which are a substantial portion of its operation. Other types of vegetables include
lettuce and other greens, basil, tomatoes, green tomatoes, and peppers. As mentioned previously, the
filter beds contain watercress, which is harvested every three to four weeks by cutting the their tops.
Richard Mueller reports that greenhouse staff, "give the watercress a haircut, they don't pull out the
whole plant.""1 Ideally, one filter bed is harvested in increments to maintain a good level of filtering
capacity by the watercress. Eventually, watercress gets long and spindly and the leaves get smaller,
signally that it is time to replant. In order to replant the watercress, Growing Power staff takes
cuttings from other watercress that are growing vigorously. In order to establish the new cuttings of
watercress, staff creates mounds out of the gravel to raise the roots up so that they are out of the
water. A photo of the watercress beds is below. Once the watercress is established, the gravel is
smoothed out a bit to encourage more even water flow through the filter. In the larger systems, the
staff try to re-plant each filter bed in increments to maintain filtering capacity. Replanting is done in
79 Ibid.
80 Ibid.
81 Ibid.
sections rather than pulling out a plant here or there over time. In the smaller systems, staff will
replant the entire bed of watercress at one time.
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Watercress filter bed at Growing Power, Photograph by author.
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Having the right staff and team is key to ensuring that the aquaponics system at Growing
Power runs smoothly at all times and staff is expected to go above and beyond the call of duty. At
least one person must be on call 24 hours a day. Richard Mueller, aquaponics manager and
maintenance guy at Growing Power emphasizes, "I'm on call 24 hours a day.. .You gotta be able to
address any problems that arise." Problems Richard mentions include heater malfunctions, pump
breakages and clogging, and stopped water flow. Stoppages in water flow or heating can lead to fish
loss, decreasing revenue in a system that takes a year to bring fish to market size. Furthermore,
someone must be willing to come in even on days off. As Richard says, "When you get a new
shipment [of fish] in... you might have to shepherd them along for a little bit make sure they get
settled in and everything. So even though Thursday was my day off, I make sure to stopped in to
make sure that the fish were feeding."8 2 James Godsil of Sweet Water Organics concurs with the
need to have someone who is dedicated to the system beyond regular hours of employment. He says
that in the beginning he slept at the facility at night to make sure he could rectify any unwanted
anomalies in the system before they caused major problems. Additionally, he said it is critical that an
aquaponics operation have someone who will champion the system and has the overall picture.83
An ideal employee doesn't necessarily come in with skills, but must have an, "aptitude," for
learning. The right team is key. Need mechanical/artisan/construction folks and
tinkerers/inventor/autodidactic researcher types. 84 Plumbing and understanding how water flows is
the most important. "It's hard to, it's hard to explain to someone...that uh water is gonna back up if
you pack the plant beds too tightly with pots or if you make a channel through a watercress bed,
82 Ibid.
83 Godsil, interview.
water is going to flow through the channel and it's not going to spread out and utilize the whole bed
for filtration. But those are my two big struggles."
Key skills that some employees should have are construction and plumbing along with an
aptitude that allows for an intuition of how water flows. Richard Mueller emphasizes the importance
of having someone on staff with years of plumbing experience such as himself, "to me it's, after 30
years it's kind of intuitive. But a lot of people, it's I did this and it worked. For me, it's I designed
this so it will work."85
Training an employee at Growing Power is an ongoing process, and takes up to three years.
Says Richard Mueller, "It takes 3 years in order to really understand what's going on. When we hire
someone, we usually ask for a 5 year commitment and if they aren't willing to make a 5 year
commitment, then, then, we'll usually look for somebody else." 86 William Allen concurs that it takes
years to fully train an employee. "It takes at least two years to begin to train them. They are not
trained after two years, but at least they are productive." 87 Consequently, employee retention is
important.
One of the ways Growing Power tries to retain employees is by providing its workers with a
living wage to anchor them in the organization. William Allen reasons that minimum wage, "may not
be enough money uh, for people to live on and they are going to always be searching for other work
that pays more because they have to pay their bills." 88 William Allen reports that the average wage at
Growing Power is $35,000 with a pay scale that is more flat than at most institutions. Salaries for
untrained laborers tends to be higher and for professionals tends to be lower. An entry intern earns
$100/week plus food and shelter. An apprentice earns $10/hour for the first 6 months and
84 Ibid.
85 Mueller, interview.
86 Ibid.
87 William Allen, In person interview, digitally recorded, January 17, 2011.
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approximately $15/hour thereafter. From there, salaries get bumped up every 6 months. Skilled
professional staff who are hired from outside might start at $45,000.
In order to help support this living wage, Growing Power tries to generate revenue in many
ways including by accessing niche markets where customers are willing to pay more for specialty and
quality products. For example, Growing Power has good success growing large, green tomatoes,
which are harder to find on the commercial market. As Richard Mueller says, "We grow tomatoes in
our system because we can produce green tomatoes, which are harder to fin... . on a commercial
market. So we'll grow tomatoes just before the green stage until they're nice and big and green just
before they're ripe and then we'll sell those. So that's a niche we exploit.""
Growing Power also finds niche markets for its fish, which sell for a premium price due to
Growing Power's marketing efforts. They advertise their fish as being fresher and cleaner and as
having a superior flavor and texture than the tilapia available from Asia. Consequently, there is
substantial market demand for the fish that Growing Power produces. Says William Allen,
"Marketing it is no problem, because restaurants they grow crazy over that product." However,
Growing Power lacks a commercial kitchen and food handler's licenses. Due to this, Growing
Power can only sell live, not filleted or processed fish, limiting both the market willing to buy the
fish and the price Growing Power can ask for fish. As Richard Mueller says, "The only hindrance is
that we don't have a commercial kitchen so we can't process the fish ourselves and that kind of
limits the market...chef's don't have time to clean the fish themselves."90 Growing Power recognizes
that selling fish filets opens markets and allows Growing Power to ask a higher price for fish.
Currently, if Growing Power sells a batch of fish, they send them to a processor who charges for
88 Ibid.
89 Mueller, interview.
90 Ibid.
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filleting, cutting into Growing Power's income. To capture this lost income, Growing Power's
expansion plan includes the construction of a commercial kitchen for processing fish in-house.
This expansion plan is a reflection of Growing Power's method of innovation, which has been one
of experimentation and incremental improvements, and phasing in things that work better, while
phasing out things that do not. Richard Mueller says, "The whole thing with Growing Power is that
it's been an organic process from the beginning and it hasn't been something that's been
planned." 9 1 Gradual innovation is encouraged on all levels. Richard Mueller reports that usually,
new employees are placed in areas that they have an interest in and, "start to do their own
research."9 2
An example of an innovation is that Growing Power used to use greenhouse film to line the
plant beds, but now they are using a premium food-safe liner for the plant beds.93 Just last year,
Growing Power phased out the first aquaponics systems it had when it started using aquaponics 13
years ago. "Every system has made improvements on the one before it."94 Owners and operators
take on experiments that fall within their realm of interest. At the time of this research, Growing
Power was experimenting with growing mushrooms by dipping logs holding mushrooms into the
aquaponics fish tanks at regular intervals, biodigesters, and solar hot water systems. Raising Perch
was also a recent innovation adopted two years prior to this research. Growing Power also recently
added a water catchment system with a tank of approximately 15,000 gallons to help water the plants
and refresh the fish tanks. That too is an incremental process of expansion. Richard Mueller says the
reason all of the systems are not yet using rainwater as their main source is "...primarily the result of
91 Ibid.
92 Ibid.
93 Ibid.
94 Ibid.
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the capacity of the rainwater system and partially because we haven't, it's our first year for rain water
system and we haven't expanded the plumbing to go to the other greenhouses." 95
95 Ibid.
Growing Power's experimental mushroom logs hang over fish tanks, Photograph by author.
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Growing Power's methane digester, Photograph by author.
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Along with producing food, Growing Power provides several kinds of workshops, which
teach people urban farming techniques, including aquaponics. It is in the fourth year of offering the
commercial agriculture program. Many of these workshop participants come thinking that they
could do the things taught in the commercial urban agriculture workshop back in their hometowns,
and about 50% do, others run into road blocks such barriers to entry as lack of start-up capital or
land. Furthermore, Richard Mueller emphasizes that a lot of the people who go through the
commercial urban agriculture program do not go on to become aquaponics operators, but focus on
other parts of what is taught in the workshop, such as how to create compost piles, how to build
relationships with compost providers, grow sprouts and greens, and create business plans.96
Every year, Growing Power also conducts six onsite workshops called "From The Ground
Up," which last two days. These workshops provide instruction on composting, growing sprouts,
constructing aquaponics systems, and building hoop houses. On average, 100 to 150 people attend
each workshop. Growing Power tries to make the workshops accessible to everyone and provides a
limited number of scholarships to participants. Some other participants come from organizations
that want to learn to do what Growing Power does, and generally those participants get funding
through those organizations. Growing Power also conducts two or three special workshops in
conjunction with conferences annually. Approximately 40 - 80 people attend these workshops.
About 20 times per year, Growing Power travels to other organizations to do weekend workshops
offsite. An average of 30 people attend each workshops.
All of these workshops, of which aquaponics is a part, provide Growing Power with income
and help Growing Power to achieve its goals and objectives, which are guided by its vision and
mission, thereby enacting its theory of change. A program's theory of change illustrates how an
organization's activities relate to intended outcomes. A chart outlining Growing Power's vision,
96 Ibid.
mission, goals, and objectives is below as is a model describing Growing Power's theory of change,
which suggests that by growing community food systems and increasing the number of living wage
jobs, the commercial urban agriculture workshop will increase social justice.
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Figure 3. Growing Power's Vision, Mission, and Goals
GENERAL GROWING POWER'S COMMERCIAL URBAN AGRICULTURE
PROGRAM
Vision An orgonizaton's vision expomns whv it Will Allen founded Growing Power on the premise of social fustice. which
does what it does An earmple of a he detnet, as being both muli cultural and multi ieneranhonal Growmg
vision is, "This organiaoton strives to Power's vison is one of socil lustice,
make the world a better place." or "his
orgoniatonn strives to create a world
with no hunger,
Mission An organization's mssaon explains the Growing Power's mission as lsted on its website states, "Growing Power is
overal purpose of organaroon a national rionproht organization and land trust supporting people from
iMustratrn who rhey are and whot rhey divemre backgrounds, and the iinWitomnts in which they live, by helpiog
do to provide equal access to healthy, high quality. safe and affordable food
for people in all communities7
Goals Goals encompass the desired mrd-to- Growing Powe's goals are 1) making sure everybody has access to the
Jong-rerm outcomes, chanqes, and same food and 2) creating Irving wage jobs. Both of these goals lead to
results an organizatrn's programs are social justice.
desgned to achieve Examples of goots
mnOudeo pomling ermllploy"won to Young
people or ottro tng new businesser to
oni area.
Objectives objectrves are the ways on organtzotaan Growing Power's objectives as illustrated on its we bsite include, "providing
or program will accomphsh a goat. hands-on training, on-the-ground demonstration, outreach and technical
Objectives include tasks, methods, assistance through the development of Community Food Systems that help
events and workshops Examples of people grow, process, market and distribute food in a sustainable manner"
obje n'rve su uhtdr stor amn a job trilmmg
program, ooroiamg monthly
workshops, and providing a certain
number of internships.
Source: Chart by author.
63
Figure 4. Growing Power's Theory of Change
Commercial Urban
Agriculture Workshop
% Graduates Become
Urban Agriculturalists
Source: Chart by author.
What is Surprising
What is surprising is that despite the fact that Growing Power is generally regarded as one of
the most successful aquaponics facilities in temperate climates in the United States, interviews with
the owner and operators of Growing Power reveal that even at this facility, after thirteen years of
development, their aquaponics system, as a stand-alone-operation, does not appear to be a way to
generate profit. Sales from just fish and vegetables from Growing Power's aquaponics systems are
not sufficient to produce positive cash flow in Milwaukee's temperate climate. In fact, Growing
Power depends on thirty income streams, including grants and donations, to achieve positive cash
flow and sustain its staff.97
A visit to Sweet Water Organics paints a similar portrait. Co-founder James Godsil relayed
that Sweet Water Organics has yet to break even from fish and vegetable sales, though it remains a
young company that is still recouping capitalization costs. To aid in balancing the financial scales,
Sweet Water Organics is adding a not-for-profit arm to its business model to take advantage of
grants and donations and to get the tax benefits of a non-profit.98 The financial analysis that follows
explains why it may be difficult for an aquaponics operation utilizing Growing Power's design
specifications in a temperate climate to obtain positive cash flow from only fish and vegetable sales,
especially at a small scale.
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98 Godsil, interview.
Chapter III. A Financial Analysis of an Aquaponics System in a Temperate Climate
In order to better understand why Growing Power's aquaponics system does not generate
profits from fish and vegetable sales alone and to gain a general understanding of the potential for
profitability of an aquaponics system using Growing Power's design and operation specifications,
here, I utilize one 750-gallon aquaponics starter system with a 4' x 8' footprint (which was
recommended by Growing Power during its From the Ground Up workshop) as my basic unit of
analysis. The reason for selecting this system for analysis is that a list of materials was readily
available, making it easy to extrapolate capitalization costs. Additionally, research at Growing Power
provided me with general estimates of productivity levels, energy consumption, and labor
requirements for a system of this type. I also analyze this system because I was working with two
community groups in Lynn, Massachusetts called the North Shore Labor Council and the Serving
People In Need Financial Stability Center, which were considering constructing this system and they
wanted to know if it was financially feasible as a for-profit business.
Using this 750-gallon starter aquaponics system as a basic unit of analysis, I created cash
flow projections for one system of this size growing tilapia and lettuce and one system of this size
growing yellow perch and lettuce. I then investigated the potential for economies of scale to affect
the profitability margin by creating cash flow projections for a system with two 3,750-gallon units
with a total footprint of 4' x 40' which grow either tilapia and lettuce or perch and lettuce. This
analysis found that one 750-gallon system growing tilapia and lettuce or yellow perch and lettuce is
not profitable. The 750-gallon system growing tilapia and lettuce had a net present value loss of
$185,867 after 10 years. The 750-gallon system growing yellow perch and lettuce had a net present
value loss of $110,031 after 10 years. Two 3,750-gallon systems growing tilapia and lettuce are not
profitable either, having a net present value loss of $572,947 after 10 years. However, two 3,750-
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gallon systems growing yellow perch and lettuce may earn a small profit and demonstrates a net
present value profit of $106,404 after 10 years and a good IRR of 0.2751.
Assumptions in this financial analysis include the following: A for-profit entity operates the
business and is subject to taxes at 35%. For simplification purposes, when calculating taxes, all
capital expenditures are depreciated over a 10-year period. Projects will be financed with a three-year
loan at a rate of 6.5%. As with most loans, an equity investment is also required. The annual rate of
inflation is 3% overall, except for energy which is inflated at a rate of 10% annually. All development
costs are incurred in Year 0. There is no scrap value for capital equipment at the end of the ten years
and there is no land or building to sell. Land and building costs are excluded from capitalization
costs in this analysis because the organization I was working with expects to get these items at no
cost. Real estate taxes were excluded for the same reason that land costs were excluded. Others
analyzing the cash flow of aquaponics operations may wish to factor in land, building, rent, and real
estate taxes into their expenses. The cost of labor is assumed to be $15 per hour and it is assumed it
will take 2.5 hours per day to operate a 750-gallon system and ten hours per day to operate two
3,750-gallon systems. Cost of electricity is assumed to be $0.10 per kilowatt hour. The cost of
natural gas per thousand cubic feet is $15.99 To determine production levels, income, energy, labor
and materials requirements, I utilized specifications cited by owners and operators at Growing
Power and also consulted outside sources. For example, I determined the cost of certain items by
consulting such places as hardware stores and energy companies. Appendix A-1 provides further
details for how I arrived at these and other numbers.
In this financial analysis, gross income is derived from the sale of lettuce, tilapia, perch, and
watercress. Development costs include capitalization costs and soft costs. Capitalization costs
99 "Massachusetts Price of Natural Gas Sold to Commercial Consumers (Dollars per Thousand
Cubic Feet)," March 29, 2011, http://www.eia.doe.gov/dnav/ng/hist/n3020ma3m.htm.
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include liner, wood and fittings, pump, piping, fish tank heater, thermometer, grow lights,
refrigerator, hoses, and other equipment. Soft costs include labor for initial construction, water for
initially filling the tanks, permits, site preparation, plumbing and electrical, incorporation costs, legal
services, tax expertise, and website. Annual operating costs include labor, electricity for the pump
and grow lights, natural gas for the water heater, water to refill the tanks, fish food, seeds,
fingerlings, other agricultural materials, replacement costs, operating reserve, marketing,
transportation and delivery, and insurance, including crop loss insurance.
As seen below in Figure 5, the gross income derived from one 750 gallon 4' x 8' aquaponics
starter system with tilapia and lettuce is projected to be $7,850 in the first year and grows to reach
$10,242 in the tenth year, assuming an inflation rate of 3% per year.
Figure 5. Income (750-gallon, tilapia and lettuce)
Income
One 7591gfoon 4'x 8'aquaponcs sWWta system n 8a and 2 3 4 5 6 7 89Lotue1
Year 0 1 2 3 4 5 6 7 8 9 10
# of units $/unit Product
2100 2 Lettuce* 4,200 4,326 4,456 4,589 4,727 4,869 5,015 5,165 5,320 5480
525 6 Tilapla** 3,150 3,245 3,342 3,442 3,545 3,652 3,761 3,874 3,990 4110
32 16 Watercress-** 500 515 530 546 563 560 597 615 633 652
Gross Income 7,880 8,086 8,328 8,578 3,835 9,100 9,373 9,655 9,944 10,242
*1 head of lettuce sells for $2
*1 mature tilapia wholesales for about $6/fish live
***Watercress sells for $16/lb.
Source: Excerpted from Appendix B-1, Chart by author.
As seen in Figures 6 below, the development costs to construct the aquaponics system and
begin a business equals a total of $5,565. As seen in Figure 7, operating costs run $24,250 in the first
year and rise at a rate of 3% per year with inflation for all costs except energy costs, which increase
at a rate of 10% per year. Operating costs reach $35,083 in the tenth year. Figure 8 below
demonstrates a negative cash flow for this 750 gallon, tilapia and lettuce operation with a net present
value loss of $185,867 over 10 years with an estimated rise in energy costs of 10% per year. This is a
gap between income and expense of an average of nearly $20,000 annually and it is unlikely that
reducing costs in a system of this size could sufficiently close this gap to produce positive cash flow.
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Figure 6. Development Costs (750-gallon, tilapia and lettuce)
Expense Development Costs
One 780on, 4' x 8' aquaponcs stww syseim wau Thaple and Letuc
Year 0 1 2 3 4 5 6 7 8 9 10
Land
Building
Liner
Wood & fittings
Pump
Piping
Fish tank heater
Thermometer
Grow lights
Refrigerator
Hoses
Other Equipment
Total Capital Costs
Labor
Water
Permits
Site Prep
Plumbing and Eiectrical
Incorporation Costs
Legal
Tax expert
Website
Total Soft Csas
200
2,538
600
2
225
300
400
500
400
300
300
2.027
Tota Development Costs 5,565
Source: Excerpted from Appendix B-1, Chart by author.
Figure 7. Operating Costs (750-gallon, tilapia and lettuce)
Expense Operating Costs
One 750hon 4'x 8' aquaponca staretr syswb~, with 73hpa ad Lesuc
Year 0 1 2 3 4 5 6 7 8 9 10
Labor*
Electricity for pump
Electricity for grow lights
Natural gas for water heater
Water
Fish Food
Seeds
Fingerlings
Other agricultural materials
Replacement costs
Operating reserve
Marketing
Transportion & delivery
Insurance
Accounting
Tax filing
RE Taxes
Total Op. Costs
% Total % Total
Operating Operating
Costs Year 1 Costs Year 10
56% 13,650 14,060 14,481 14,916 15,363 15,824 16,299 16,788 17,291 17,810 51%
1% 123 136 149 164 180 198 218 240 264 291 1%
4% 693 982 1,080 1,188 1,307 1,438 1,582 1,740 1,914 2,105 6%
9% 2,252 2,477 2,725 2,997 3,297 3,627 3,989 4,388 4,827 5,310 15%
0% 68 70 72 74 76 78 81 83 86 8 0%
3% 750 773 796 820 844 869 896 922 950 979 3%
0% 120 124 127 131 135 139 143 148 152 157 0%
2% 375 386 398 410 422 435 448 461 475 489 1%
2% 500 515 530 546 563 580 597 615 633 652 2%
1% 300 309 318 328 338 348 358 369 380 391 1%
2% 400 412 424 437 450 464 478 492 507 522 1%
3% 700 721 743 765 788 811 836 861 887 913 3%
4% 1,000 1,030 1,061 1,093 1,126 1,159 1,194 1,230 1,267 1,305 4%
8% 2000 2,060 2,122 2,185 2,251 2,319 2,388 2,460 2,534 2,610 7%
3% 720 742 764 787 810 835 860 886 912 939 3%
2% 400 412 424 437 450 464 478 492 507 522 1%
0% 0 0 0 0 0 0 0 0 0 0 0%
2,1_111 2-2n7 2As2A 27-272 maannA 24-1AR7 M2,2 22-17A 22.sas Mm-0am
*1 hour per day x $15/hr. x 365 days
Inflation 0.03
Energy Inflation 0.10
' 24,250' 25,207' 26,214' 27r278'" 26,400 ' 29,597 ' 30,643' 32,174' 33,585' 35,083
Source: Excerpted from Appendix B-1, Chart by author.
Figure 8. Taxable Income and Cash Flow (750-gallon, tilapia and lettuce)
Taxable Income and Cash Flow
Income from Operations
Depreciable Base Depreciation Operating Expenses
2,538 10 Depreciation
Interest Paid On Loans
Net Income Before Txes
Income Taxes
t , r a , , , IDepreciation
Pricipal Loan Amortization
Net Cash Flow*
7,850 8,086 8,328 8,578 8,835 9,100 9,373 9,655 9,944 10,242
(24,250) (25,207) (26,214) (27,278) (28,400) (29,587) (30,843) (32,174) (33,585) (35,083)
(254) (254) (2S4) (254) (254) (254) (254) (254) (254) (254)
(910) (626) (323) 0 0 0 0 0 0 0
(17,564) (11,000) (18,463) (18,953) (19,819) (20,741) (21,724) (22,773) (23,894) (25,094)
0 0 0 0 0 0 0 0 0 0(1764) (1.0001 18.431 U1.31 1.8131 (20.7411 f31.7241 122.7731 (23( 341 (25)0(4)
254 254 254 254 254 254 254 254 254 254
(4,376) (4,661) (4,963) 0 0 0 0 0 0 0
(5,565) (21680) (22,407) (23,172) (18,700) (19,565) (20,487) (21,470) (23,511) (23,41) (24,34) (224,053)
'After Income toxes, Depreciation and Loan Amortization
Profitability
One 780gleon dx V'aquaponc starler system with Oileple and Letuee
Year 0 1 2 3 4 5 6 7 8 9 10
Present Value*
Net Present Value
IRR
(21,666) (21,036) (21,735) (22,477) (13,139) (18,978) (19,872) (20,826) (21,848) (22,931)
(15,167)
0
'Flow of funds discounted to present value at a rate of 0.03 (Inflation Is already accounted for under Operating Costs at a rate of .03 for regular operating expenses and .10 for energy expenses)
Source: Excerpted from Appendix B-1, Chart by author.
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A 750-gallon system growing yellow perch rather than tilapia comes closer to attaining
positive cash flow for two reasons. First, yellow perch wholesale for $16 per pound rather than the
$6 per pound that tilapia garner. Second, yellow perch can thrive in colder water temperatures,
thereby reducing energy costs to heat the water in which they live. Below is a financial analysis of a
750-gallon yellow perch and lettuce system with a 4' x 8' footprint, which provides for an increase in
income of $10 per fish over the tilapia system. This is an increase in income for year 1 from sales of
yellow perch of $5,250 providing a total gross income from all fish and vegetable sales in year 1 of
$13,100. All costs remain the same in the perch system except for heating cost. The cost of heating
is reduced in the perch system by $1,689 in year 1. These changed variables of increased income
from fish sales and reduced heating expenses translate to a total increase in present value income of
$75,835 over the tilapia system. However, this 750-gallon system with yellow perch still shows a net
present value loss of $110,031 over a ten-year period, assuming an estimated rise in energy costs of
10% per year. This is a gap between income and expense of an average of over 11,000 present value
dollars per year. It is unlikely that a way can be found to reduce the costs enough to produce
significant positive cash flow in a system of this size growing yellow perch and lettuce.
Figure 9. Taxable Income and Cash Flow (750-gallon, perch and lettuce)
Taxable Income and Cash Flow
One ?B0-gnlt ' systen with Tapla aid Leffuce
Year 0 1 2 3 4 5 6 7 8 9 10
Income from Operations 13,100 13,493 13,898 14,315 14,744 15,186 15,642 16,111 16,595 17,093
Depreciable Base Depreciation Operating Expenses (22,311) (23,091) (23,906) (24,757) (25,646) (26,578) (27,553) (28,575) (29,648) (30,774)
2,538 10 Depreciation (254) (254) (254) (254) (254) (254) (254) (254) (254) (254)
Interest Paid On Loans (910) (626) (323) 0 0 0 0 0 0 0
Net Incomle Before Taxes (10,375) (10,478) (10,584) (10,696) (11,156) (11,645) (12,165) (12718) (13,307) (13,936)
Income Taxes 0 0 0 0 0 0 0 0 0 0
Not Income After Tax" (10,375) (10,478) (10,584) (10,696) (11r156) (11,645) (12,165) (12,718) (13,307) (13,936)Depreciation 254 254 254 254 254 254 254 254 254 254
Pricipal Loan Amortization (4,376) (4,661) (4,963) 0 0 0 0 0 0 0N e Flow* (5,540) (14r496) (14r884) (15r (1) (10,442) (10,902) (11,391) (11,911) (12,464) (13,053) (13,82) (134,061)
*After Incoree Taoxes, Depreciation and Loon Amortization
Profitebility
One 7500eon 4' x'aquapoacs starler system wth omaa ard Leftuce
Year 0 1 2 3 4 5 6 7 8 9 10
Preset Value* (14,07S) (14,030) (13,996) (9,277) (9,404) (9,540) (9,685) (9,839) (10,004) (10,181)
Net Present Value (110,021)
IRR 0
*Flow of funds discounted to present value at a rate of 0,03 (Inflation is already accounted for under Operating Costs at a rate of .03 for regular operating expenses and .10 for energy expenses)
Source: Excerpted from Appendix B-2, Chart by author.
It is interesting to examine what happens when factoring in economies of scale. To do so,
the following contains a financial analysis of an aquaponics system consisting of two 3750-gallon
units, each with a 4' x 40' footprint. This system is ten times the size of the 750-gallon system
analyzed above and produces ten times as much fish and vegetables. As Figures 10 and 11
demonstrate below, there is a benefit of economies of scale for both development and operating
costs as some of the costs are fairly constant, regardless of the system's size. These constant costs
include incorporation cost, legal, tax expert, refrigerator, and website. Other costs, including pump,
piping, thermometer, hoses, labor, permits, site prep, and plumbing and electrical go up by a factor
of 2 or four rather than by a factor of ten.
Figure 10. Development Costs (Two 3,750-gallon, tilapia and lettuce)
.p.ss D..slopmnt Caste
Aeo 372Oalen 4'J 41la'queaonics aterrsystem wlk TMapl andLaouce
Year 0 1 2 3 4 5 6 7 8 9 10
Multiplier
For
Economie
s of Scale
1 Land 0
4 Building 0
10 Liner 1,000
10 Wood & fittings 7,400
2 Pump 286
2 Piping 100
10 Flsh tank heater 3,250
4 Thermometer 40
10 Grow lights 4,200
1 Refrigerator 500
4 Hoses 200
10 Other Equipment 2,000
Total Capital Costs 18,976
Labor 2,400
Water 20
Permits 400
Site Prep 1,200
Plumbing and Electrical 1,600
Incorporation Costs 500
Legal 400
Tax expert 300
Website 300
Total Soft Costs 7,120
Total Development Costs 26,09
Source: Excerpted from Appendix B-3, Chart by author.
Figure 11. Operating Costs (Two 3,750-gallon, tilapia and lettuce)
...... 0Oparat... Cast.
Two -f*8.aea '&Vffoapeaoft a8sbn oesam oWt TlAP01 aadLasos
Year 0 1 2 3 4 5 6 7 8 9 10
Multiplier
For % Total
Econorne Operating
s of Scale Costs Year 1
4 Labor* 46% 54,600 56,238 57,925 59,663 61,453 63,296 65,195 67,151 69,166 71,241
2 Electricity for pump 0% 246 271 298 328 361 397 437 480 528 581
10 Electricity for grow lights 7% 8,928 9,821 10,803 11,883 13,071 14,379 15,816 17,398 19,138 21,052
10 Natural gas for water heater 19% 22,518 24,770 27,247 29,971 32,969 36,265 39,892 43,881 48,269 53,096
10 Water 1% 675 695 716 738 760 783 806 830 855 881
10 Fish Food 6% 7,500 7,725 7,957 8,195 8,441 8,695 8,955 9,224 9,501 9.786
10 Seeds 1% 1,200 1,236 1,273 1,311 1,351 1,391 1,433 1,476 1520 1,566
10 Fingerlings 3% 3,750 3,863 3,978 4,098 4,221 4,347 4,478 4,612 4,70 4,893
10 Other agricultural materials 4% 5,000 5,150 5,305 5,464 5,628 5,796 5,970 6,149 6,334 6,524
10 Replacement costs 3% 3,000 3,090 3,183 3,278 3,377 3.478 3,582 3,690 3,800 3,914
10 Operating reserve 3% 4,000 4,120 4,244 4,371 4,502 4,637 4,776 4,919 5,067 5,219
1 Marketng 1% 700 721 743 765 788 811 836 861 887 913
4 Transportion &delivery 3% 4,000 4,120 4,244 4,371 4,502 4,637 4,776 4,919 5,067 5,219
1 Insurance 2% 2,000 2,060 2,122 2,185 2,250 2,319 2,388 2,460 2,534 2,610
1 Accounting 1% 720 742 764 787 810 835 860 886 912 939
1 Tax fding 0% 400 412 424 437 450 464 478 492 507 522
1 RE Taxes 0% 0 0 0 0 0 0 0 0 0 0
Total Op. Costs 119,237 125,033 131,224 137,645 144,934 152,130 101,671 169,429 176.835 130,955
Total Costs ' 119,237' 125,033' 131,224' 137,845' 144,934' 152,530' 160,678' 169,429' 178,835' 198,955
*4 hours per day x $15/hr. x 365 days
Inflation 0.03
Energy Inflation 0.10
Source: Excerpted from Appendix B-3, Chart by author.
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1
1
% Total
Operating
Costs Year 10
38%
0%
11%
28%
0%
5%
1%
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3%
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3%
0%
3%
1%
0%
0%
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Figure 13. Taxable Income and Cash Flow (Two-3,750 gallon, perch and lettuce)
Taxable Income and Cash Flow
ie. 3,76-gaIan 4'x 4'aqaponics starer a sysen with Parch and Lettuce
Year 0 1 2 3 4 S 6 7 8 9 10
Income from Operations 131,000 134,930 138,978 143,147 147,442 151,865 156,421 161,113 165,947 170,925
Depreciable Base Depreciation Operating Expenses (99,849) (103,881) (108,137) (112,635) (117,393) (122,432) (127,774) (133,443) (139,466) (145,871)
18,976 10 Depreciation (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898)
Interest Paid On Loans (3,900) (2,681) (1,383) 0 0 0 0 0 0 0
Net Income Before Taxee 25,353 26,471 27,561 28,615 28,151 27,535 26,749 25,773 24,583 23,156
Income Taxes (8,874) (9,265) (9,646) (10,015) (9,853) (9,637) (9,362) (9,020) (8,604) (8,105)
Net Income After Taxee 16,480 17,206 17,914 18,600 18,298 17,898 17,387 16,752 15,979 15,052
Depreciation 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898
Principal Loan Amortization (Annual) (18,755) (19,974) (21,272) 0 0 0 0 0 0 0
Net Cash Flow* (26.496) (377) (870) (1,460) 20,497 20,196 19,795 19,284 18,650 17,877 16,949
*After Income Taxes, Depreciation and Loan Amortization
Profitability
ruo 3,7801pgaon 4x 40'aqaponics starter syste wih Parch and LeAtene
Year 0 1 2 3 4 5 6 7 8 9 10
Present Valuo* (386) (820) (1,336) 18,211 17,421 16,578 15,680 14,722 13,701 12,612
Net Present Value 106,404
IRR 0.2751
*Flow of funds discounted to present value at a rate of 0.03 (Inflation is already accounted for under Operating Costs at a rate of .03 for regular operating expenses and .10 for energy expenses)
Source: Excerpted from Appendix B-4, Chart by author.
The financial analysis above demonstrates that as a for-profit stand-alone business at a small
scale, the aquaponics system analyzed is not profitable when growing tilapia and lettuce or yellow
perch and lettuce. Nor is the system profitable at a larger scale growing tilapia and lettuce. The
system is, however, profitable at a large scale when growing yellow perch and lettuce demonstrating
an NPV of $106,404 after 10 years and an IRR of 0.2751.
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Figure 13. Taxable Income and Cash Flow (Two-3,750 gallon, perch and lettuce)
Taxable Income and Cash Flow
7wo 3.7507allon 4'x 40'aqaponcs starter systems wit Perth and Lettuce
Year 0 1 2 3 4 5 6 7 8 9 10
Income from Operations 131,000 134,930 138,978 143,147 147,442 151,865 156,421 161,113 165,947 170,925
Depreciable Base Depreciation Operating Expenses (99,849) (103,881) (108,137) (112,635) (117,393) (122,432) (127,774) (133,443) (139,466) (145,871)
18,976 10 Depreciation (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898)
Interest Paid On Loans (3,900) (2,681) (1,383) I 0 0 0 0 0 0
Not Income Before Taxes 25,353 26,471 27,561 28,615 28,151 27,535 26,749 25,773 24,583 23,156
Income Taxes (8,874) (9,260) (9,646) (10,015) (9,853) (9,637) (9,362) (9,020) (8,604) (8,105)
Net Income After Taxes 16,480 17,206 17,914 18,600 18,298 17,898 17,387 16,752 15,979 15,052
Depreciation 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898
Principal Loan Amortization (Annual) (18,755) (19,974) (21,272) D 0 0 0 0 0 0
Net Cash Flow* (26,496) (377) (870) (1,460) 20,497 20,196 19,795 19,284 18,650 17,877 16,949 104,045
*After Income Taxes, Depreciation and Loan Amortization
Profitabilty
Two 3,750)Vauln 4an 4 0'quaponcs starter system with Perch and Lettuce
Year 0 1 2 3 4 5 6 7 8 9 10
Present Value* (366) (820) (1,336) 18,211 17,421 16,578 15,680 14,722 13,701 12,612 106,404
Net Present Value 106,404
IRR 0.2751
'Flow of funds discounted to present value at a rate of 0.03 (Inflation is already accounted for under Operating Costs at a rate of .03 for regular operating expenses and .10 for energy expenses)
Source: Excerpted from Appendix B-4, Chart by author.
The financial analysis above demonstrates that as a for-profit stand-alone business at a small
scale, the aquaponics system analyzed is not profitable when growing tilapia and lettuce or yellow
perch and lettuce. Nor is the system profitable at a larger scale growing tilapia and lettuce. The
system is, however, profitable at a large scale when growing yellow perch and lettuce demonstrating
an NPV of $106,404 after 10 years and an IRR of 0.2751.
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Chapter IV. Recommendations and Conclusions
Three out of four of the aquaponics systems analyzed above are not profitable from fish and
vegetable sales alone. However, in all of these systems, the following alterations to the business
model may change the financials, closing gaps between income and expense, and may warrant
further research and analysis. Adding an aquaponics operation to an existing business would
eliminate incorporation costs. Furthermore, the marginal added cost for an existing business for
things such as marketing, website, insurance, accounting and tax filing could be very low. This may
be particularly true if the business has operations related to aquaponics, such as a fish vendor, or an
aquaculture or greenhouse operation. Moreover, an existing business may have extra land or may
have space inside its building or on its roof to place an aquaponics system, eliminating land and
possibly building costs. These businesses already have employees with knowledge about how to raise
plants or fish and there would be less of a learning curve and less of a risk of crop or fish loss. Also,
existing employees could intersperse their work on the aquaponics system, particularly checking on
and feeding fish, throughout their normal workday, reducing labor costs and potentially increasing
fish production due to a more consistent feeding schedule.
A second business model that changes the financial analysis of the aquaponics operation is
when the business is owner operated. Here, since the owner would do most of the work, there
would be less labor expense, translating into additional income for the business owner. Further
analysis may demonstrate that depending on the scale of the system and the products grown, an
aquaponics system may provide substantial supplemental income to the owner, and in some
instances, possibly a living wage salary.
A third business model, the cooperative business model, may have the effect of both adding
aquaponics to an existing business, which reduces startup and operating costs, and the effect of an
owner operation, which reduces labor costs. Large start-up capital requirements can be a significant
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barrier to entry for entrepreneurs wishing to operate businesses requiring economies of scale to be
profitable. This business model requires only modest amounts of start-up capital from each owner
of the cooperative allowing small growers to enjoy the benefits of economies of scale, while at the
same time remaining small producers. In a cooperative model, marketing, transportation, insurance,
accounting, tax filing, legal fees, and delivery costs could all be shared operating expenses. The
cooperative model also produces a peer group who can participate in shared learning and provide
mutual technical support, thereby reducing risk.
A fourth business model, the not-for-profit model which has no tax liability, will reach a
break even point earlier than a for-profit operation. Additionally, the not-for-profit entities can more
easily access grants, donations, and volunteers. These variables increase income and/or reduce labor
costs.
A fifth business model that can reduce expenses is one where business start-up costs are
covered solely by equity rather than debt. Here, the business has no loans, so it has no interest to
pay, thereby reducing expenses. Some of the above business models including owner operations and
cooperative ownership could start purely with equity.
Figure 14.
The Effect of Alternative Business Models on Cash Flow
Add-on To An Cooperative
Existing Business Owner operated ownership Not-for-profit Equity Financing
Reduced Minimal or no labor Shared capitalization No taxes No interest charges
capitalization costs costs costs
Reduced operating Shared operating Grants, donations,
costs costs volunteers
Minimal or no labor
costs
Source: Chart by author.
An aquaponics system may also be viewed not as a business at all, but rather as a small-scale
aquaponics operation providing a supplemental food source for an operator and the operator's
family or community. Here in a financial analysis of the system, many capitalization and operating
costs are reduced. Rather than compare income to expense in order to determine cash flow, an
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analysis may be conducted that compares the cost of producing the food to the cost of purchasing
similar food to see if it was worthwhile for the operator to invest time and money. This type of
analysis may be particularly useful to community groups and individuals connected to first or second
generation immigrant communities, where members may have cultures of producing their own food
through gardening, farming, and fish production.
In addition to these alternative business models, further analysis may show that there may be
ways to augment income streams and reduce expenses in order to generate a positive cash flow.
Many of these strategies are employed by Growing Power as detailed in the case study above and
help the organization to attain profitability from its overall farm operation. First, an aquaponics
operation can vertically integrate by producing its own inputs like compost, electricity, water, and
heat source. Second, an aquaponics operation may acquire inputs for free by getting donations,
grants and volunteers and by tapping into industrial waste streams to capture such things as wood
chips, compost materials like banana leaves or coffee grinds, or waste heat. Third, an aquaponics
operation may diversify its revenue stream with activities such as workshops, tours, merchandising,
fundraising, speaking engagements, consulting, workforce training programs, partnerships with
universities and education programs with local schools. Aquaponics operations may also experiment
with cultivating alternative products such as ornamentals that can garner a higher selling price of
dollars per ounce rather than dollars per pound, such as Koi or other fish for fish stores. Research
may show that integrating algae, prawn, or mushroom production may also serve to increase profits.
These strategies for increasing income and decreasing expense, which aquaponics producers may
wish to employ and researchers may wish to investigate, are listed in the charts below.
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Figure 15.
Ways to Increase Income and Reduce Expenses
Vertically Integrate - Produce It on the Farm Get Things For Free
Compost to create soil fertility Compost inputs from industrial waste streams
Worms, worm castings Pots from landscapers
Water catchment Donated or low cost land
Solar power Volunteer labor
Wind power Woodchips from tree trimmers
Solar hot water Tap into waste heat - cogeneration
Biodigesters
Raise fish fry
Source: Chart by author.
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Diversify Revenue Streams
Workshops and trainings
Tours and agri-tourism
Merchandising
Fundraising
Speaking engagements
Consulting
Workforce training programs
Partnerships with universities
Education programs with local schools
Grow ornamentals eg: Koi, fish for fish stores
Experiment with mushroom, shrimp and algae production
There are several other considerations to take into account when evaluating the financial
prospects of an aquaponics system. Drastic shifts in energy or food prices could significantly shift
the profitability of an aquaponics operation. For example, increasing food prices would allow an
aquaponics operation to charge higher prices, which could make aquaponics more cost competitive.
A 2010 study demonstrated that aquaponics which incorporates certain types of fish functions well
using brackish water. 100 As fresh water becomes increasingly scarce and food prices increase,
producing food using brackish water may become more cost-competitive. Additionally, if advances
in alternative energy make energy prices cheaper than they are currently, aquaponics in temperate
climates becomes more financially viable. On the other hand, increasing energy prices could
significantly increase costs and decrease profits. Moreover, the financial prospects of aquaponics
may vary widely in different climates and markets. For example, aquaponics systems in tropical
environments may have very different financial prospects than the system evaluated here. A system
in a tropical environment may not have the costs of enclosed structures such as greenhouses or
buildings or the costs of energy to power grow lights and to heat water. Consequently it may be that
aquaponics in tropical and subtropical environments are able to generate sufficient income from just
plant and fish sales in order to yield a positive cash flow. Furthermore, fish and plant production
levels can be drastically different from one location to the next depending on climate and daylight
hours. All of these considerations should be taken into account when evaluating the prospects of an
aquaponics system.
100 B Kotzen, "An Investigation of Aquaponics Using Brackish Water Resources in the Negev Desert,"
Journal of AppliedAquaculture 22, no. 4 (2010): 297-320.
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Conclusion
In conclusion, there may be ways to attain profitability from an aquaponics operation,
however the path is not yet all that certain and the endeavor is risky. This analysis demonstrates that
at the small scale of 750 gallons, an aquaponics system of Growing Power's design specifications
containing tilapia and lettuce or perch and lettuce will not generate a profit in temperate climates
from fish and lettuce sales alone. Nor will two 3,750-gallon systems growing tilapia and lettuce attain
positive cash flow. Only the system analyzed containing yellow perch and lettuce with fish tanks
totaling 7,500 gallons attained positive cash flow. With this in mind, as individuals and organizations
consider aquaponics projects of this type, careful planning and deliberation should occur. Planning
may include testing a small aquaponics system over the course of a year onsite or in a similar climate
to gather data on the production levels possible for a particular location throughout the seasons.
Thinking of ways to increase income and reduce expenses, including exploring various business
models, value adding, getting things for free and diversifying revenue streams may increase the
likelihood of projected profits. In the case where a planned aquaponics system is not expected to
generate a profit, each organization must decide if the community and economic development
benefits that can come from aquaponics are worth the cost. When an organization's goals for
creating an aquaponics project include things other than profits, an aquaponics project may be
considered a viable option, particularly if it is helping the organization work towards its theory of
change by achieving its mission, goals or objectives, as is the case with Growing Power. However,
when an organization is considering an aquaponics project as a means of generating a profit, very
careful planning should be involved and local factors, such as climate and energy prices, should be
taken into consideration to determine if profitability is attainable.
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Appendix A-1. Deriving Numbers
Income
Income levels come directly from numbers cited by Growing Power. Growing Power sells tilapia for
$6/lb., yellow perch $6/lb., watercress for $16/lb. Growing Power sells compost for $150/cubic
yard, worm castings for $2/lb. and worms for approximately $20/lb.
Fish Production Level
This analysis uses the ratio of 7 fish per 10 gallons of water. Both Richard Mueller and
William Allen cite fish production levels of 10 fish per 10 gallons. 10 1 Says William Allen, "...each
gallon of water can produce a fish."10 2 The way Richard reaches this estimated production level is
that he knows Growing Power receives a shipment of 10,000 fish, which they put into a 10,000-
gallon tank and that it takes about a year to bring a tank of fish through the process to maturity.
There is not a lot of fish loss from fish mortality. However, as Growing Power finishes off the fish,
they move them to a smaller tank in batches of 300 to 500 fish over the course of the year,
suggesting the capacity of a 10,000-gallon tank may be less than 10,000 fish per year. Ryan Dale,
who also works at Growing Power, estimates 7 fish per 10 gallons is a more realistic ratio. Josh
Fraundorf, co-owner of Sweet Water Organics corroborates this number saying they can achieve
fish production levels of 7 to 8 fish per 10 gallons.10 3 This analysis uses the more conservative
estimate of 7 fish per 10 gallons of water to account for the learning curve new growers may
experience as they strive to optimize their system and to account for potential fish mortality.
Plant Production Level
101 Mueller, interview.
102 Allen, interview.
103 Godsil, interview; Josh Fraundorf, Personal Communication, January 16, 2011.
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This analysis uses the estimate of 4 lettuce plants per fish. Neither Growing Power nor
Sweet Water Organics could provide exact numbers on the production levels of plants. The reason
for this is multifold. Growing Power grows a variety of plants, harvests a crop from one 10,000-
gallon system in stages, and did not produce records of production levels during my visit. Sweet
Water Organics provided a very rough estimate four plants per fish per year. This was the estimate
used in this analysis and is in line with other operations' production levels. Plant production levels
may very widely based on climate and amount of sunlight through the course of the year and local
production estimates should be obtained for each analysis when possible.
Captitalization Costs
The cost to construct one 750-gallon 4 x 8 unit was derived from the amount of people-
hours it took to construct one unit of this size during the From the Ground Up workshop at
Growing Power. Additionally, the cost of materials was derived by taking a materials list for a system
of this size provided by Growing Power in their From the Ground Up Workshop and noting prices
for things at Home Depot on March 25, 2011. It is assumed that all tools for construction are
borrowed or already owned and not purchased. The cost of materials for one 750-gallon 4' x 8'
aquaponics system as specified by Growing Power are:
Lumber $739.53
PVC $49.76
45 Mil thick EPDM Fish Safe Liner $100.00
Pump $143.00
TOTAL $1,032.29
Labor
Labor was estimated to take 2.5 hours per 750-gallon system. It was challenging to get
accurate labor estimates for how much time it takes to maintain one 10,000-gallon system at
Growing Power because workers move through the greenhouses, maintaining system after system
incrementally and also attend to non-aquaponics related matters else where on the farm. One
estimate given by Richard Mueller is that it takes about 5 hours per week to maintain the fish-
portion of one 10,000-gallon system, which includes feeding the fish, checking the pumps, cleaning
the filter, and maintaining the plant beds. This translates to 10,000 gallons/7 days per week/5 hours
or one hour per day to maintain approximately 286 gallons. This translates to just over 2 hours to
maintain a 750-gallon system.
Estimates from Sweet Water Organics support this number. There, owners estimate that one
10,000-gallon system takes 1 hour to harvest, 1 hour to replant, 1 hour to tend the fish and monitor
per day totaling 3 hours per day per 10,000-gallon system. However, the labor is spread out
throughout the day. For example, they feed the fish 5 times per day. This translates to 10,000
gallons/3 hours/7 days per week or a requirement of roughly one hour to maintain approximately
476 gallons, or just under 2 hours to maintain a 750-gallon system.
Another estimate from Sweet Water is that their whole operation takes five 40-hour work
weeks or 200 hours per week to tend plants, feed and tend fish in their 70,000-gallon system. This
equals 70,000 gallons/200 hours or 350 gallons/hour. This would translate into two hours in daily
maintenance per 750-gallon system.
At Growing Power, other non-daily, regularly scheduled maintenance jobs include taking the
headers off of the heat exchangers at the beginning and the end of the heating season, making sure
that furnaces are not building up scum; once a month, checking strainers on the pumps that service
the furnaces to make sure the strainers are not clogged, which would restrict water flow; every 6 - 8
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weeks, making sure that the screens around the pumps are in tact and not clogged; every 8 weeks
mucking out the plant beds to remove excess waste materials; and about once a year, changing the
light bulbs on systems that use lights regularly. To account for these extra labor requirements and to
allow for other contingencies, this analysis uses an estimate of two and a half hours per day to
maintain a 750-gallon system. This is 17.5 hours per week per 750-gallon system.
Electricity Costs
Electricity requirements for one 750-gallon system come from a 1,500-gallon, 138-watt
pump and two 1,000-watt metal halide high intensity plant lights running 50% of the time (which is
equivalent to one light running full time). Growing Power uses one 5-7 amp pump for each 10,000-
gallon system. At Growing Power, the recharge rate for the water is once every three to four hours
on their smaller systems and every four to five hours on their larger 65-foot long systems. This flow
through rate is a function of the length of the system as Growing Power uses pumps with the same
capacity for each system, regardless of their size. Richard Mueller, the aquaponics manager and
maintenance guy at Growing Power, estimates that this rate could be slowed down to once every
eight hours while still keeping the system healthy. He recommends that a pump with a much
stronger capacity be used than is required. In this analysis, a pump that turns over water twice per
hour at a rate of 1,500 gallons per hour is used for the 750-gallon system. The same pump should
be sufficient to maintain one 3,750-gallon system.
A pump with a 1,500-gallon capacity per hour requiring 138 watts is used in this analysis.
The cost of electricity in Massachusetts was estimated to be $0.10 per kilowatt hour.
Watts x 744/1000 = KWH per month
138 Watts x 744/1000 = 102.67 KWH per month
$0.10 x 102.67 KWH = $10.27 per month to power the pump
$10.27 per month x 12 months = $123.21 per year to power the pump
1000 Watts x 744/1000 = 74 KWH per month
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74 KWH per month x 12 = 8928.10 KWH per year
8928.10 KWH per year x $0.10/KWH = $892.80 per year per grow light
Heating Cost
There is a formula to determine how many BTU's one needs to heat water to a certain
temperature based on the ambient temperature of the air. A British thermal unit, commonly referred
to as a "BTU," is defined by the Oxford Online Dictionary as, "the amount of heat needed to raise one
pound of water at maximum density through one degree Fahrenheit, equivalent to 1.055 X
10' joules." 104 One gallon of water weighs 8.34 lbs., so it takes 8.34 BTUs to raise a gallon of water
by one degree Fahrenheit. Thus, for a 750-gallon system, it will take 750 gallons x 8.34 BTUs to raise
the water by one degree Fahrenheit. That equals 6,255 BTUs per degree Fahrenheit of added
warmth to 750 gallons of water.
This analysis assumes an ambient temperature of 65 degrees Fahrenheit, and that the water is
the same temperature as the air. Tilapia tanks need to be raised to 85 degrees. Yellow perch tanks
need to be raised to between 68 - 70 degrees. This analysis uses 70 degrees Fahrenheit for Perch. To
raise the water to 85 degrees F from 65 degrees F is a difference of 20 degrees. To raise the
temperature of 750 gallons of water by 20 degrees, requires 6,255 BTUs x 20 degrees F, or 125,100
BTUs.
Both Growing Power and Sweet Water Organics use natural gas furnaces to heat their water.
Natural gas is generally more economical than electricity. In the United States, natural gas is
measured in cubic feet in increments of 100 (CCF). 100 cubic feet or one CCF equals one therm.
One therm equals 100,000 BTUs.
Gallons x 8.34 BTUs x (desired temperature of water - existing temperature of the
water)/100,000 BTUs = CCF
104 "Definition of British Thermal Unit from Oxford Dictionaries Online," Oxford Dictionaries,
March 10, 2011, http://oxforddictionaries.com/view/entry/m-enus1228847#menus1228847.
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In a tilapia system, the desired temperature of the water is 85 degrees. Using the formula
demonstrates it takes 1.251 CCF to heat the 750-gallon system for tilapia.
750 gallons x 8.34 BTUs x (85 F - 65 F) /100,000 BTUs = 1.251CCF
In a perch system, the desired temperature of the water is 68 to 70 degrees. Here a temperature of
70 degrees is used.
750 gallons x 8.34 BTUs x (70 F - 65 F) /100,000 BTUs = 0.31275
CCF
Using the formula above, we see that it takes 0.31275 CCF to heat the 750-gallon system for perch.
The U.S. Energy Information Administration reports that over the course of the last 10 years (from
2001 - 2010), the average price of natural gas sold to commercial consumers in Massachusetts has
ranged in price from a low of 6.45 dollars per thousand cubic feet in 2002 to 18.32 dollars per
thousand cubic feet in 2005. The price in 2010 was ranging between 9.46 dollars per thousand cubic
feet and 12.82 dollars per thousand cubic feet. 105 For the purpose of extrapolation, I will use 15
dollars per thousand cubic feet, bearing in mind that the price of propane will likely again rise rapidly
as the economy recovers from the previous financial crisis. Using the numbers for CCFs required
from above produces the cost per 750-gallon system to heat water with natural gas as seen in
Appendix B-5.
For comparison, it costs Growing Power approximately $40/day using a 336,000 BTU
furnace running natural gas to heat an 80 feet x 20 feet, 1600 square-foot hoop house from an
ambient temperature of about 40 degrees to heat tilapia and perch raceways of 65 feet in length to
85 degrees and 70 degrees, respectively. This raises the ambient temperature in the air to about 55 to
60 degrees. Sweet Water Organics estimates it takes $3,000/month to heat the 70,000 gallons of
water in their system. (Their system is in an unheated warehouse).
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Appendix A-2. Technical Lessons
e Surface area on which bacteria can live is the key to biofiltration and to a clean and healthy
aquaponics system. "You want the water to come into contact with as much surface area as
possible." 106
e Staggered harvestings and plantings are important to maintaining water quality.107 For
example, harvest watercress in stages to maintain some of its filter capacity. Hair cut it every
3-4 weeks.
* The heater should have more capacity than is normally required. It is beneficial to have some
sort of extra capacity to handle extreme temperatures.108
* Water source - use catchment. "One of the reasons that we did the rainwater system is
that.. .the greenhouse operation, the water bills is a big, big part of the cost of the
business."1 09
* Greenhouses hold in moisture and act as a water conservation system.
e Use tilapia as a starter fish. They are hard to kill because they tolerate a wide temperature
range (die at 55 degrees F and suffer above 90 degrees F) and can handle mucky water.
* Finish fish in a smaller area so they swim around less and are easier to harvest, but note that
handling fish when moving them can damage fish by knocking off slime and scales.
* Tilapia tend to jump out of the tank. Rectify this by building removable/drop down fences
around the perimeter of tanks.
* All tanks should be lined with food safe liners. Growing Power uses 45 mil thick EPDM fish
safe liner. This pond liner is suitable for potable water. Never use roofing material as it can
have toxins such as arsenic and copper which can leach into food.
* The system will fail. Plan for this with backups and a financial cushion.
* Placing fish under the plants may not be ideal because if you have to spray the plants,
chemicals can get into the fish tanks and the fish may be sensitive to the spray.
* Releasing beneficial insects into greenhouses keeps plant pests to a minimum.
* Increasing the height from which water falls also increase the amount of aeration that
occurs. So, having water fall from a higher height reduces the need for artificial aeration.
* Acclimate new shipments of fish to the water in the raceway. Richard Mueller of Growing
Power does this over a 30 to 45 minute period by placing the new bag of fish in the raceway
and every 5 minutes adding a little bit of water from the raceway to the bag.
* Check to make sure new shipments of fish are swimming normally and that they do not have
any obvious diseases.
e Sinking the fish tank into the ground can reduce energy costs to heat the water by taking
advantage of the ground's thermal mass. Both Growing Power and Sweet Water Organics
employ this strategy.
" "The toughest part of composting is building relationships to supply the agricultural inputs
on a grand scale."110
105 "Massachusetts Price of Natural Gas Sold to Commercial Consumers (Dollars per Thousand Cubic
Feet)," n.d., http://www.eia.doe.gov/dnav/ng/hist/n3020ma3m.htm.
106 Mueller, interview.
107 Diver, "Aquaponics - Integration of Hydroponics with Aquaculture."
108 Mueller, interview.
109 Ibid.
110 Allen, interview.
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Appendix A-3. List of Interviews and Interview Questions
GROWING POWER, INC.
William Allen, Executive Director.
In person interview on January 17, 2011.
Ryan Dale, Staff
In person interview on January 17, 2011.
Henry Herbert, Staff
In person interview on January 17, 2011.
Richard Mueller, Aquaponics Manager and Maintenance Guy
In person interview on January 17, 2011.
SWEET WATER ORGANICS
James J. Godsil, Co-Founder
In person interview on January 16, 2011.
EAST BOSTON NEIGHBORHOOD HEALTH CENTER
Stephen C. Fraser, Director of Development
In person interview on April 14, 2011
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Interview Questions
Questions for all owners and operators:
1. What's your name?
2. What is the name of the organization you work for?
3. How long have you worked here?
4. What is the name of your position within that organization?
5. How would you describe the official tasks assigned to your position?
6. Do you perform other functions for the organization that are not within these assigned
tasks? If so, what are they?
7. How many hours per day does each activity take you over the course of a week?
8. How many hours do you work for this organization per week?
9. What type of fish do you grow?
10. Have you ever considered growing other types of fish?
11. How much do you sell of each type of fish for per pound?
12. Who do you sell to? (Individuals, grocery stores, restaurants)
13. How do you get fish to your customers? (Transport to them, they come to pick it up)
14. Have you seen other aquaponics facilities have success with other types of fish?
15. Have you seen other aquaponics facilities have failures with other type of fish?
16. What type of plants do you grow?
17. Have you ever considered growing other types of plants?
18. What types of plants have been difficult to grow?
19. What types of plants have been easy to grow?
Questions for owners/managers
20. We are interested most in how to go to scale. (4700 square foot greenhouse). How do you
think we should do that?
21. What is the capitalization required leading up to the first entry into the market?
22. How many gallons of water are required to produce a lb. of fish?
23. How many gallons of water are required to produce a lb. of lettuce?
24. How many kilowatt hours of grow lights does it take to grow 100 lb. of lettuce?
25. How many kilowatt hours does it take to run the pumps to grow 100 lbs. of fish?
26. How many kilowatt hours does it take to heat 100 sf of greenhouse?
27. What is required to train an employee?
28. What skills do you teach?
29. What soft skills?
30. What hard skills?
31. How much time does it take to train a new employee?
32. What is the capacity of your fish tanks (for each type of fish) in gallons?
33. How do you process the fish?
34. What is the market demand for your fish? (who is buying, in what quantities, how frequently,
what are they doing with it?)
35. Is your organization a for profit or not-for-for profit entity?
36. What sort of workshops do you give here?
37. How often do you give the workshops?
38. How many people attend each type of workshop during a given session?
39. How much do these workshops cost?
40. Which of these do folks pay for?
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41. What are the job titles at this facility?
42. What are the assigned tasks for each job title?
43. How many paid employees work at this facility?
44. How many volunteers work at this facility?
45. How many hours per week total do you think it takes to operate your facility?
46. Do grants and/or donations supplement the income of this facility?
47. Do other operations at this facility supplement the income of the aquaponics facility?
48. If the aquaponics portion of this facility were a stand-alone entity (no grants, donation, etc.),
would it be financially self-sufficient?
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Appendix B.
Appendix B-1. Financials For One 750-Gallon Aquaponics 4' x 8' Starter System With
Tilapia and Lettuce.
Financial Projections
One 76a9oaeon 4' x r auapaoni Starier sysaa, with Tw pi and Leucte
One. 1Ogaon 4' x 8'aguaponea sr  systie with Thapla and Lettuce
Year 0 1 2 3 4 5 6 7 8 9 10
# of units $/unit Product
2100 2 Lettuce* 4,200 4,326 4,456 4,589 4,727 4,869 5,015 5,165 5,320 5480
525 6 Tfapia** 3,150 3,245 3,342 3,442 3,545 3,652 3,761 3,874 3,990 4110
32 16 Watercress*** 500 515 530 546 563 580 597 615 633 652
Gross Income 7,850 8,066 8,328 8,578 6,35 9,100 9,373 9,655 9"944 10,242
*5 head of lettuce sells for $2
*1 mature tilapla wholesales for about $6/fish live
**Watercress sells for $16/lb.
Expense Development Costs
One 750-alon d'x 8'aguaponics ftare systen with 718ept and Lettuce
Year 0 1 2 3 4 5 6 7 8 9 10
Land 0
Building 0
Liner 100
Wood & fittings 740
Pump 143
Piping 50
Fish tank heater 325
Thermometer 10
Grow lights 420
Refrigerator 500
Hoses 0
Other Equipment 200
Total Capital Costs 2,538
Labor 600
Water 2
Permits 225
Site Prep 300
Plumbing and Electrical 400
Incorporation Costs 500
Legal 400
Tax expert 300
Website 300
Total Soft Costs 3,027
Total Development Costs 5,565
Expense Operating Costs
One 710Valon 4' x 8*aqons starfar yirsmatt Tiple and Letuce
Year 0 1 2 3 4 5 6 7 8 9 10
% Total
Operating
Costs Year 1
Labor* 56% 13,650 14,060 14,481 14,916 15,363 15,824 16,299 16,788 17,291 17,810
Electricity for pump 1% 123 136 149 164 180 198 218 240 264 291
Electricity for grow lights 4% 893 982 1,080 1,188 1,307 1,438 1,582 1,740 1,914 2,105
Natural gas for water heater 9% 2,252 2,477 2,725 2,997 3,297 3,627 3,989 4,388 4,827 5,310
Water 0% 68 70 72 74 76 78 81 83 86 88
Fish Food 3% 750 773 796 820 844 869 896 922 950 979
Seeds 0% 120 124 127 131 135 139 143 148 152 157
Fingerlings 2% 375 386 398 410 422 435 448 461 475 489
Other agricultural materials 2% 00 515 530 546 563 580 597 615 633 652
Replacement costs 1% 300 309 318 328 338 348 358 369 380 391
Operating resenoe 2% 400 412 424 437 450 464 478 492 507 522
Marketing 3% 700 721 743 765 788 811 836 861 887 913
Transportion & delivery 4% 1,000 1,030 1,061 1,093 1,126 1,159 1,194 1,230 1,267 1,305
insurance 8% 2000 2,060 2,122 2,185 2,251 2,319 2,388 2,460 2,534 2,610
Accounting 3% 720 742 764 787 810 835 860 886 912 939
Tax filing 2% 400 412 424 437 450 464 478 492 507 522
RE Taxes 0% 0 0 0 0 0 0 0 0 0 0
Total Op. Costs 24,250 25,207 26,214 27,27 28,400 29,567 30,A43 32,174 33,565 35,083
Total Costs 24,250 25,207 26,214 27,276 28,400 29,587 30,843 32,174 33,565 35,083
*1 hour per day x $15/hr. x 365 days
Inflation 0.03
Energy Inflation 0.10
Taxable Income and Cash Flow
One 750.Oaaon 4'x 'aguponics afarer systl aM als 7lMpa and Letuce
Year 0 1 2 3 4 5 6 7 8 9 10
Income from Operations
Depreciable Base Depreciation Operating Expenses
2,538 10 Depreciation
Interest Paid On Loans
Not Income Before Taxes
Income Taxes
e I e , ,e r I , ,Depreciation
Pricipal Loan Amortization
Net Cash Flow-
*After Income axes, Depreciation and Loan Amortization
7,850 8,086 8,328 8,578 8,835 9,100 9,373 9,651 9,944 10,242
(24,250) (25,207) (26,214) (27,278) (28,400) (29,587) (30,843) (32,174) (33,585) (35,083)
(254) (254) (254) (254) (254) (254) (254) (254) (254) (254)
(910) (626) (323) 0 0 0 0 0 0 0
(17,564) (18,000) (18,483) (16,953) (19,819) (20,741) (21,724) (22,773) (23,894) (25,094)
0 0 0 0 0 0 0 0 0 0
(17.640 (16.000) (183 )1.60 (686 2.40 (1720 (273 3.00 (604
254 254 254 254 254 254 2e 254 2S4 254(4,376) (4,661) (4,963) 0 0 0 0 0 0 0
(5,565) (21,686) (22,407) (23,172) (16,700) (19,565) (20,467) (21,470) (22,119) (23,41) (24,840) (224,053)
ProfitabIlity
One 7osafon 4'x 8 aquaonkis starer syslem wit TRapW* and Laouse
Year 0
Present Value*
Net Present Valu
IRR
1 2 3 4 5 6 7 8 9 10
(21,686) (21,036) (21,735) (22,477) (18,139) (16,976) (19,872) (20,826) (21,844) (22,931)
(185,167)
0
*Flow of funds discounted to present value at a rate of 0.03 (Inflation is already accounted for under Operating Costs at a rate of .03 for regular operating expenses and .10 for energy expenses)
Anortiation Schedule
0 1 2 3 4 a 6 7 8 9 10
Ending Balance
TotalAnnual Payment
interest Charge 8.5%
Amortization* 3
*Amortzation - principal payment
LUle of the Loan 3 Years
$14.000.00 59,823.94 $4,95344 10.00 0.0 50.9 00 . 5000 0.00 80.00 $0.00
$5.286.00 $6,286.06 00288.06 $0.00 .00 0 .00 0.00 $0.00 $0.00 $0.00
$910.00 $625,56 $322.62 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$4.376.06 $4.680.50 $4.96344 50.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $14,000
% Total
Operating
Costs Year 10
51%
1%
6%
15%
0%
3%
0%
1%
2%
1%
1%
3%
4%
7%
3%
1%
0%
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Appendix B-2. Financials For One 750-Gallon Aquaponics 4' x 8' Starter System With
Yellow Perch and Lettuce.
Mnancial Projectons
One 78 oaaNon 4' V' aquaponks astaer sysem Wlt Porch ern Laftc.
Income
On. 15.gagen 4's 8'aquapancs starter system with Perch and Letuce
Year 0 1 2 3 4 S 6 7 8 9 10
# of units $/unIt Product
2100 2 Lettuce* 4,200 4,326 4,456 4,589 4,727 4,869 5,015 5,165 5,320 5480
525 16 Perch-* 8,400 8,652 8,912 9,179 9,454 9,738 10,030 10,331 10,641 10960
32 16 Watercress* 500 515 530 546 563 580 597 615 633 652
Gross Income 13,100 13,493 13,5898 14,315 14,744 15,168 15,642 16,111 16,595 17,093
*1 head of lettuce sells for $2
*1 mature perch wholesales for about $16/fish live
**Watercress sells for $16/lb.
Expense Development Costs
One ?0gfon 4'x 8'qaeponkse starter ysem wil Perch and Leaucs
Year 0 1 2 3 4 5 6 7 8 9 10
Land 0
Building 0
Uner 100
Wood & fittings 740
Pump 143
Piping 50
Fish tank heater 325
Thermometer 10
Grow lights 420
Refrigerator 500
Hoses 50
Other Equipment 200
Total Capital Costs 2,538
Labor 600
Water 2
Permits 200
Site Prep 300
Plumbing and Electrical 400
Incorporation Costs 500
Legal 400
Tax expert 300
Webste 300
Total Soft Costs 3,002
Total Develospmet Costs 5,540
Expense Operating Costs
One 7g01seon ' x ' aquaeponis sterser syslaa sil Prch and Lauce
Year 0 1 2 3 4 5 6 7 8 9 10
% Total
Operating
Costs Year
Labor* 61% 13,650 14,060 14,481 14,916 15,363 15,824 16,299 16,788 17,291 17,810
Electricity for pump 1% 123 136 149 164 180 198 218 240 264 291
Electricity for grow lights 4% 893 982 1,080 1,188 1,307 1,438 1,582 1,740 1,914 2,105
Natural gas for water heater 3% 563 619 681 749 824 907 997 1,097 1,207 1,327
Water 0% 68 70 72 74 76 78 81 83 86 88
Fish Food 2% 500 515 530 546 563 580 597 615 633 652
Seeds 1% 120 124 127 131 135 139 143 148 152 157
Fingerfings 2% 375 386 398 410 422 435 448 461 475 489
Other agricultural materials 2% 500 515 530 546 563 580 597 615 633 652
Replacement costs 1% 300 309 318 328 338 348 358 369 380 391
Operating reserve 2% 400 412 424 437 450 464 478 492 507 522
Marketing 3% 700 721 743 765 788 811 836 861 887 913
Transportion & delivery 4% 1,000 1,030 1,061 1,093 1,126 1,159 1,194 1,230 1,267 1,305
Insurance 9% 2,000 2,060 2,122 2,185 2,251 2,319 2,388 2,460 2,534 2,610
AccountIng 3% 720 742 764 787 810 835 860 886 912 939
Tax fing 2% 400 412 424 437 450 464 478 492 507 522
RE Taxes 0% 0 0 0 0 0 0 0 0 0 0
Total Op. Costs 22,311 23,01 23,906 24,757 25,64 28,578 27,553 28,575 29,648 30,774
TotMl Costs
% Total
Operating
Costs Year 10
58%
1%
7%
4%
0%
2%
1%
2%
2%
1%
2%
3%
4%
8%
3%
2%
0%
22,311 23,091 23,908 24,757 2,4 26,578 27,553 28,571 2,"4 30,774
*1 hour per day x $15/hr. x 365 days
Inflation 0.03
Energy Inflation 0.10
Taxable Income and Cash Flow
One 750-ge1an 4' x r' aquaponics ar~er ay~ we Tfefp and Leauve
In e f 4 1 8 1 1 1 7 1 1 9 10income from Operations
Depreciable Base Depreciation Operating Expenses
2,538 10 Depreciation
Interest Paid On Loans
Net Inoe aefora Taes
Income Taxes
Depreciation
Pricipal Loan Amortization
NIt Cash Flow*
13,10 03,493 13,898 14,315 14,744 15,100 15,642 10,111 i6,595 i/,U93(22,311) (23,091) (23,906) (24,757) (25,646) (26,578) (27,553) (28,575) (29,648) (30,774)
(254) (254) (254) (254) (254) (254) (254) (254) (254) (254)
(910) (626) (323) 0 0 0 0 0 0 0
(103275) (1047a) (10364) (10696 (115) ( 645) (215 1.1) (2 7 (1.3)
0 0 0 0 0 0 0 0 0 0
(10375) (10478) (10,584) (10,696) (11,156) (114645) (12,165) (12,718) (12,307) (1,36)
254 254 254 254 254 254 254 254 254 254
(4,376) (4,661) (4,963) 0 0 0 0 0 0 0
(5,540) (14,498) (14,184) (15,294) (10r442) (10,902) (11,31) (11,911) (12,464) (13,053) (13,882) (134,061)
*After Income Taxes, DeprecIation and Loan Amortization
Profitlabllty
One 758-gelon 4*'x 8' aquponics strl sysrem wth TMJpi and Lefuce
Year 0 1 2 3 4 5 6 7 a 9 10
Present Value* (14,075) (14,030) (13,114) (9,277) (9,404) (9,540) (9,18) (9,839) (10,004) (10,181)
11 Present Value (110,031)
IRR 0
*Flow of funds discounted to present value at a rate of 0.03 (Inflation Is already accounted for under Operating Costs at a rate of.03 for regular operating expenses and .10 for energy expenses)
Amorstoaln Slchedule
0 1 2 3 4 5 6 7 8 9 10
Ending Bal"ne
TOalAnnual Payment
hnrest Charge 6.5%
Amnoruzion* 3
$14,000.00 09.62294 $4.963.44 $0.000 808 00 80.00 8000 80.00 80.00 80.00
$5,286.08 $5,286.06 S5,286.06 $080 1080 8080 8080 00 $0.00 $.00$910.00 25.56 322.62 $0.00 $000 $0.00 108 8080 80 80.00
64,370.06 4.060.50 $4,963.44 80.00 $0.00 80.00 80.00 50.00 $8.00 80.00 $14,000
*Amoritrellon I pdincipal Payment
Lfe Of Te LoW 3 Years
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Appendix B-3. Financials For Two 3,750-Gallon Aquaponics 4' x 40' Starter Systems
With Tilapia and Lettuce.
Financial Projections
flea 3,750gaqon 4'a 4'uapoencs starter syseases wis elpt. and Lelauc
Incomes
7a 3,70.gan d'x 40'"auaponics tarar sysiela e8us Tapia and Letuce
Year 0 1 2 3 4 5 6 7 8 9 10
# of units $/unit Product
10 21000 2 Lettuce* 31,500 32,445 33,418 34,421 31,454 36,517 37,613 38,741 39,903 41100
10 5250 6 Tllapia** 42,000 43,260 44,558 45,895 47,271 48,690 50,150 51,655 53,204 54800
10 320 16 Watercress*** 5,000 5,150 5,305 5,464 5,628 5,796 5,970 6,149 6,334 6524
Gross Income 78,500 80,855 13,281 85,779 38r352 91,003 93,733 96,545 99,441 102,425
*1 head of lettuce sells for $2
**1 mature tilapia wholesales for about $6/fish live
*Watercress sells for $16/lb.
Expense Development Costs
To IM 3,760-aon 4*x 40'aquaponcs stareraysteem w6 70aple and Lague
Year 0 1 2 3 4 5 6 7 8 9 10
Multiplier
For
Economie
s of Scale
I Land 0
4 Building 0
10 Uner 1,000
10 Wood & fittings 7,400
2 Pump 286
2 Piping 100
10 Fish tank heater 3,250
4 Thermometer 40
10 Grow lights 4,200
1 Refrigerator 500
4 Hoses 200
10 Other Equipment 2,000
Total Capital Costs 18,976
4 Labor 2,400
10 Water 20
2 Permits 400
4 Site Prep 1,200
4 Plumbing and Electrical 1,600
1 Incorporation Costs So
1 Legal 400
1 Tax expert 300
1 Webstite 300
Total Soft Costs 7,120
Total Development Costs 26,099
Expense Operating Costs
flo 3,750aeon 4'x 40'aqaponics tariar syseins wf8 T3pfa &ad Leuce
Year 0 1 2 3 4 5 6 7 8 9 10
Multiplier
For % Total
Economie Operating
s of Scale Costs Year 1
4 Labor* 46% 54,600 56,238 S7,925 59,663 61,453 63,296 65,195 67,151 69,166 71,241
2 Electricity for pump 0% 246 271 298 328 361 397 437 480 528 181
10 Electricity for grow lights 7% 8,928 9,821 10,803 11,883 13,071 14,379 15,816 17,398 19,138 21,052
10 Natural gas for water heater 19% 22,518 24,770 27,247 29,971 32,969 36,265 39,892 43,881 48,269 53,096
10 Water 1% 675 695 716 738 760 783 806 830 855 881
10 Fish Food 6% 7,500 7,725 7,957 8,195 8,441 8,695 8,955 9,224 9,501 9,786
10 Seeds 1% 1,200 1,236 1,273 1,311 1,351 1,391 1,433 1,476 1,520 1,566
10 Fingerlings 3% 3,750 3,863 3,978 4,098 4,221 4,347 4,478 4,612 4,750 4,893
10 Other agricultural materials 4% 5,000 5,150 5,305 5,464 5,628 5,796 5,970 6,149 6,334 6,524
10 Replacement costs 3% 3,000 3,090 3,183 3,278 3,377 3,478 3,582 3,690 3,800 3,914
10 Operating reserve 3% 4,000 4,120 4,244 4,371 4,502 4,637 4,776 4,919 5,067 5,219
1 Marketing 1% 700 721 743 765 788 811 836 861 887 913
4 Transportion & delivery 3% 4,000 4,120 4,244 4,371 4,502 4,637 4,776 4,919 5,067 5,219
1 Insurance 2% 2,000 2,060 2,122 2,185 2,251 2,319 2,388 2,460 2,534 2,610
1 Accounting 1% 720 742 764 787 810 835 860 886 912 939
1 Tax filing 0% 400 412 424 437 450 464 478 492 507 522
1 RETaxes 0% 0 0 0 0 0 0 0 0 0 0
Total Op. Costs 119,237 125,033 131,224 137,845 144,934 182,530 160,678 169,429 178,835 188,955
Total Costs 119,237 125,033 131,224 137,845 144,934 152,530 160,678 169,429 178,835 138,955
*4 hours per day x $151/hr. x 365 days
Infation 0.03
Energy Inflation 0.10
Taxable Incone and Cash Flow
Tam 3,750-gaon 4'x 8'quapocs sarer syswm wb 7Mapba and Lefuoe
Year 0 1 2 3 4 5 6 7 8 9 10
Income from Operations 78,500 80,855 83,281 85,779 88,352 91,003 93,733 96,545 99,441 102,425
Depreciable Base Depreciation Operating Expenses (119,237) (125,033) (131,224) (137,845) (144,934) (152,530) (160,678) (169,429) (178,835) (188,955)
18,976 10 Depreciation (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898) (1,898)
Interest Paid On Loans (3,900) (2,681) (1,383) 0 0 0 0 0 0 0
Net Incoene Before Taxes (46,535) (48,757) (51,224) (53,964) (53,479) (63,424) (08,143) (74,781) (81,291) (18,428)
Income Taxes 0 0 0 0 0 0 0 0 0 0
Not Incoe After Taxes (46,535) (48,757) (51,224) (53,964) (58,479) (63,424) (6,843) (74,781) (81,291) (18,421)
Depreciation 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898
Pricipal Loan Arnortization (18,755) (19,974) (21,272) 0 0 0 8 0 0 0
Net Cash Flow* (26,096) (63,392) (66,233) (70,598) (52,066) (56,581) (61,527) (69,945) (72,89) (79,393) (26,531)
"After Income Taxes, Depreciation and Loan Amortization
Profitablity
7wo ,750-gaeon 4' x 'aqauspan s arer system wi8h 75upia and LaNuce
Year 0 1 2 3 4 5 6 7 8 9 10
Present Value* (6154) (62,996) (64,607) (46,260) (48,807) (51528) (54,433) (57,535) (60,848) (64,37)
Net Present Valae (572,947)
IRR 0
*Flow of funds discounted to present value at a rate of 0,03 (Infation is already accounted for under Operating Costs at a rate of .03 for regular operating expenses and .10 for energy expenses)
Amortization Schedule
0 1 2 3 4 6 6 7 8 9 10
Ending Balance $8,000.00 $41,245.46 $21,271.87 $00.00 0000 00 $0.00 00.00 $0.00 $0.00 00.00
Total Annual Payment $22.6454 $22,854.54 $22,65454 $0.00 $0.00 $00.00 0000 W 0000 0 .00
Intort Charge 0,065 $3,900.00 $2,60.95 $1,382.67 60.00 $0.00 00.00 $0.00 $0.00 00.00 $0.00
Amorilzaton* 3 $18,764.54 5187319 02127187 000 $0.00 00.00 $0.00 $0.00 $0.00 $0.00
'Amoritzunon :- principal payment
I. &M n the ta - YIar-
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Appendix B-4. Financials For Two 3,750-Gallon Aquaponics 4' x 40' Starter Systems
With Perch and Lettuce.
Fianacial Proajecfla
Two 370.galon 4'*x'4' sqauponca atrr syslsaes al Perch and Lothc
Incolm
Io 3,70.mon 4'x 40'aquapona startar systns sM Parch and Lauce
Year 0 1 2 3 4 5 6 7 8 9 10
# of units $/unit Product
10 21,000 2 Lettuce* 42,000 43,260 44,558 45,895 47,271 48,690 50,1SO 1,655 53,204 54800
10 S,250 16 Perch-* 84,000 86,520 89,116 91,789 94,543 97,379 100,300 103,309 106,409 109601
10 320 16 Watercress** 5,000 5,150 5,305 5,464 5,628 5,796 5,970 6,149 6,334 6524
Gross Income 131r000 134,930 138,978 143,147 147,442 151,865 186,421 161,113 105,847 170,925
*1 head of lettuce sells for $2
**1 mature perch wholesales for about $16/fish live
***Watercress sells for $16/lb.
Expense Developmanst Costs
bo 3,750oalan 4'x 40'aquponics sOrr systesms et Perch and Leatlce
Year 0 1 2 3 4 5 6 7 8 9 10
Multiplier
For
Economic
s of Scale
1 Land 0
4 Building 0
10 Uner 1,000
10 Wood & fittings 7,400
2 Pump 286
2 Piping 100
10 Fish tank heater 3,250
4 Thermometer 40
10 Grow lights 4,200
1 Refrigerator 500
4 Hoses 200
10 Other Equipment 2,000
Total Capital Costs 18,976
4 Labor 2,400
10 Water 20
4 Permits 00
4 Site Prep 1,200
4 Plumbing and Electrical 1,600
1 incorporation Costs 500
1 Legal 400
1 Tax expert 300
1 Website 300
Total Soft Coasts 7,520
Total Development Costs 26,496
Expense Operating Costs
Two 3,750-amon 4'x 40'aqueaponics stareryims aa ih Porch andLeffuce
Year 0 1 2 3 4 5 6 7 8 9 10
Multiplier % Total
For Operating % Total
Economic Costs Year Operating
sof Scale 1 Costs Year 10
4 Labor* 55% 54,600 56,238 57,925 59,663 61,453 63,296 65,195 67,151 69,166 71,241 49%
2 Electricity for pump 0% 246 271 298 328 361 397 437 480 528 51 0%
10 Electricity for grow lights 9% 8,928 9,821 10,803 11,883 13,071 14,379 15,816 17,398 19,138 21,052 14%
10 Natural gas for water heater 6% 5,630 6,192 6,812 7,493 8,242 9,066 9,973 10,970 12,067 13,274 9%
10 Water 1% 675 695 716 738 760 783 806 830 855 881 1%
10 Fish Food 5% 5,000 5,150 5,305 5,464 5,628 5,796 5,970 6,149 6,334 6,524 4%
10 Seeds 1% 1,200 1,236 1,273 1,311 1,351 1,391 1,433 1,476 1,520 1,566 1%
10 Fingerlings 4% 3,750 3,863 3,978 4,098 4,221 4,347 4,478 4,612 4,750 4,893 3%
10 Other agricultural materials 5% 5,000 5,150 5,305 5,464 5,628 5,796 5,970 6,149 6,334 6,524 4%
10 Replacement costs 3% 3,000 3,090 3,183 3,278 3,377 3,478 3,582 3,690 3,800 3,914 3%
10 Operating reserve 4% 4,000 4,120 4,244 4,371 4,502 4,637 4,776 4,919 5,067 5,219 4%
1 Marketing 1% 700 721 743 765 788 811 836 861 887 913 1%
4 Transportlon & delivery 4% 4,000 4,120 4,244 4,371 4,02 4,637 4,776 4,919 5,067 5,219 4%
1 Insurance 2% 2,000 2,060 2,122 2,185 2,251 2,319 2,388 2,460 2,534 2,610 2%
1 Accounting 1% 720 742 764 787 810 835 860 886 912 939 1%
1 Tax fiing 0% 400 412 424 437 450 464 478 492 507 522 0%
1 RE Taxes 0% 0 0 0 0 0 0 0 0 0 0 0%
Total Op. Costs 99,849 103,881 108,137 112,35 117,393 122,432 127,774 133,443 13^,46 145,871
Total Costs 99,849 103,881 108,137 112,635 117,393 122,432 127,774 133r443 139,488 145,871
*4 hours per day x $15/hr, x 365 days
Inflation 0.03
Energy Inflation 0.10
Taxable Inccoms ad Cash Flow
Two 3,78Oslaon 4'> 40'saqueponks starfarsystemis wss Perch andLAhus
Year 0 1 2 3 4 5 6 7 8 9 10
Income from Operations
Depreciable Base Deprecation Operating Expenses
18,976 10 Depreciation
Interest Paid On Loans
Mat Income Before Taxes
Income Taxes
131,000 134,930 13B,973 143,147 147,442 151,865 156,421 161,113 165,947 170,925(99,849) (103,881) (108,137) (112,635) (117,393) (122,432) (127,774) (133,443) (139,466) (145,871)
(1,898) (1,898) (1,89) (1,098) (1,898) (1,898) (1,898) (1,890) (1,898) (1,898)
(3,900) (2,681) (1,383) 0 0 0 0 0 0 0
25,383 26,471 27,361 28,615 28,151 27,535 26,749 25,773 24,583 23,156
(8,874) (9,265) (9,646) (10,015) (9,853) (9,637) (9,362) (9,020) (8,604) (8,105)
164880 17.206 179814 1s8600 1528 0.8 737 1.3 88 1502
Depreciation 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898 1,898
Principal Loan Amortization (Annual) (18,755) (19,974) (21,272) 0 0 0 0 0 0 0
Not Cash Flow* (26,496) (377) (870) (1,480) 20,497 20,196 19,795 19,284 18,650 17,877 16,949 104,048
*After Income Taxes, Depreciation and Loan Amortization
Profitablitf
1wm ,75014alon 4'x 40' aqumponics staOersysemss sltb Perch and Lafluce
Present Valua* (366) (820) (1,336) 18,211 17,421 16,578 15,680 14,722 13,701 12,612 106,404
100,404
*Flow of funds discounted to present value at a rate of 0.03 (Inflation is already accounted for under Operating Costs at a rate of .03 for regular operating expenses and .10 for energy expenses)
Amortizlon Schedul
0 1 2 3 4 5 8 7 8 9 10
Erdng Balance $60.000.00 $41,24546 $21,271.87 $0o00 000 $000 5000 80.00 80.00 .00 $0.00
TotalAnnual Pynent 122.54.54 22.654.54 522.654.54 $0.00 $0.00 $0.00 .00 0.00 $0.00 $0.00
interest Charge 6.5% $3900.00 $2.680895 $1,302.67 o0.00 $0.00 $0.00 50.00 00.00 50.00 $000
Amortization' 3 $18,754.54 119,973.59 $21,71.87 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $60,000
*Amorizaton , principal payment
Ufe of tc Loan 3 Years
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Year 0 1 2 4 6 7 8 9 10
Not Present vadue
Appendix B-5: Energy and Water Requirements
One 750gallon 4' x 8' aquaponics starter system
Electricity
Pump Grow light
Monthly Annually Monthly Annually
Gallons per hour 1500
Watts 138 1000
Kilowatt Hours* 103' 1232 744 8928
Local cost of electricity per kilowatt hour $0.10 $0.10
Electricity cost 10' 123 74 893
*Watts x 744 and divided by 1000 = KWH per month.
One 750-gallon 4'x 8'aguaponics starter system
Heater
Tilapla Perch
Monthly Annually Monthly Annually
Ambient air temperature 65 65
Desired water temperature 85 70
Degrees by which to increase water 20 5
BTUs required to raise 1 gallon of water by 1 degree* 8.34 8.34
Gallons of water in the system 750 750
Total BTUs required 125100 1501200 31275 375300
Total CCF's of natural gas required** 1.251 15.012 0.31275 3.753
Cost of natural gas in dollars per thousand cubic feet 15 15
Cost of natural gas in dollars per hundred cubic feet 150 150
Total cost 188 2252 47 563
*A BTU is the amount of energy required to raise 1 lb. of water by 1 degree Fahrenheit.
Water weighs about 8.341b./gallon. Thus, it takes 8.34 BTU's increase raise 1 gallon of
water by 1 degree F.
**One CCF equals 100 cubic feet. One CCF equals 100,000 BTUs.
One 750-gallon 4'x 8' aquaponics starter system
Water
Usage In Gallons
Daily Monthly Annually Annual Cost
Evaporation 100 3000 36000 54
Watering 25 750 9000 14
Total Cost 68
95
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Appendix B-6. Production Levels
Projections for one 4'
Tilapia and lettuce
Size of Tank
750 gallons
x 8', 750 gallon system: Production Levels and Income
Production Levels
0.7 tilapia/gallon/yr
4 plants/tilapia
525
2100
Income Annual Income
$/unit ($)
6 3150
2 4200
7350
Projections for one 4'
Perch and lettuce
Size of Tank
750 gallons
x 8', 750 gallon system: Production Levels and Income
Production Levels
0.7 perch/gallon/yr
4 plants/perch
525
2100
Income Annual Income
$/unit ($)
16 8400
2 4200
12600
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